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Introduction
The f e a s ib i l i ty  of a  heniagglutination-inhibition (HI) t e s t  fo r  
Western Equine E ncephalitis (WEE) and S t. Louis E ncephalitis (SLE) i s  
being investiga ted  because of th e  delay in  reporting  re su lts  to  the 
physicians. This delay can be cred ited  to  th e  slowness of th e  n eu tra l­
iza tio n  t e s t  and to  th e  shortage of mice during th e  time \dien most of 
th e  serum specimens are  received. Complement-flxation t e s t s  a re  also  
perfom ed, but due to  th e  slow r i s e  in  antibody t i t e r ,  an early  
diagnosis i s  not always possib le .
In  order fo r  the  hem agglutination-inhibition t e s t  to  replace th e  
n eu tra liza tio n  t e s t ,  i t  must meet c e r ta in  q u a lif ic a tio n s . F i r s t ,  i t  
mi^t be simple enou^i so th a t any technician  can se t i t  up; second, i t  
must be f a s t  enough so th a t th e  re s u lts  can be reported the  same week 
th a t  th e  specimens a re  received; th i r d ,  i t  must be capable of de tec ting  
a r is e  in  antibodies during the  course of in fec tio n ; and fo u rth , i t  must 
be as sen sitiv e  o r nearly  as sen sitiv e  as th e  n eu tra liza tio n  t e s t .
Hemagglutination was f i r s t  demonstrated H irs t, in  1941, idien 
he found th a t the  a lla n to ic  f lu id  o f  chick embzyos in fec ted  with 
Influenza v iru s  would agg lu tina te  the  red blood c e l ls  of adu lt chickens 
( l ) .  Working independently, McClelland and Hare, in  1941, demonstrated 
the same phenomenon (2 ) . They also  found th a t  antibodies fo r  influenza 
Could be measured hy th i s  tech n ic . In  1942, H irst also  showed th a t th e  
influenza v iru s  and i t s  an tibodies could be measured hy red c e l l  
agglu tination  (3)* Besides find ing  th a t immune serum in h ib ited  agglu­
tin a tio n , he a lso  found th a t  normal serum contained low t i t e r s  of inh ib­
i to r s  th a t  could be removed h j in ac tiv a tio n  o f th e  serum a t  56® C fo r  
30 minutes.
- 1—
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During th i s  time save a l  methods were used to  determine th e  amount 
of agg lu tina tion . H irst o rig in a lly  used the sedimentation ra te  of c e l ls  
to  determine the end p o in ts . McClelland and Hare used the microscopic 
method (2 ) , In  1942, H irst and F ickels found th a t agg lu tination  could 
be measured more e ffec tiv e ly  by the  use of a photoelectric densitometer 
(4 ), Salk, in  1944, devised a sim plified  method fo r  determining the 
amount of agglu tination  (5 ). He found th a t  the agglutinated c e l ls  
formed a th in  sh ie ld  a t the  bottom of the tube and the  c e lls  th a t were 
not agglu tinated  formed in  a button. This i s  ca lled  the pa tte rn  technic 
and i s  the roost widely used technic today,
M' anwhile other viruses were being investigated to determine 
whether they ossessed the a b ility  to  agglutinate red blood c e l l s .
In  1942, Burnet found th a t th e  Newcastle v iru s  of domestic fowl would 
agglu tinate red blood c e l ls  (6 ), In 1945, Leveais, Jean e tte , and Enders 
found th a t th e  amniotic f lu id  of chick embryos infected  with mumps v irus 
would agglu tinate the  erythrocytes of adu lt chickens and th a t specific  
antibodies Could be measured (7 ).
The nature of the v irus-red-cell union for the influenza, mumps 
and Newcastle viiruses was one of spontaneous d issociation of the virus 
from the c e lls  and complete destruction of the receptor group o f the 
c e lls  (8 ). H irst, in 1942, found that the hemagglutinin was eluted  
from the c e l ls  and that the c e l ls  Tdiich had adsorbed and eluted the 
hemagglutinin were unable to  adsorb fresh hemagglutinin (9)* The eluted  
hemagglutinin was capable of being adsorbed on and eluted from new red 
blood c e l ls .  Stone, in 1948, found that an enzyme of Vibrio cholerae 
both destroyed the capacity o f red c e l ls  to  agglutinate with viruses 
of the mumps-influenza group and destroyed the a b ility  of the a llan to ic
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
•3 -
cellB of chick embiyos to  adsorb influenza v iru s  hemagglutinin (10),
Francis, in  1947, found th a t th e re  was a h i ^  t i t e r  o f in h ib ito r  
fo r  heated influenza B v iru s  in  hianan serum and th a t  th i s  in h ib itio n  
d id  not depend on the presence of sp ec ific  antibodies ( H ) ,  Anderson, 
in  1948, was able to  in ac tiv a te  th is  in h ib ito r  by using the recep to r- 
destroying enzyme (î2)E) of V, cholerae (12). MoCrea demonstrated th a t  
th is  serum in h ib ito r  o f B Influenza v iru s  was a heat s tab le  mucoprotein 
(13).
Four other nonnieurotropio v iru ses have been found to  agg lu tina te  
red blood c e l l s .  Bagler, in  1942, fouM  th a t  vaccinia v iru s  agg lu ti­
nated chicken red blood c a l ls  and th a t  agg lu tination  was in h ib ited  by 
specific  immune scrum (14). North demonstrated the same fo r  v a rio la  
v iru s  in  1944 (15) and Bumet demonstrated i t  fo r  ectromelia o f mice 
in  1945 ( l6 ) .  Hilleman, Haig, and Helmold in  1951 found th a t  th e  
a llan to ic  n .u id  from embryonated eggs in fected  with th e  meningo- 
pneumonitis s tr a in  of o rn ith o sis  v iru s  was capable of agg lu tina ting  
mouse e ry th ro ^ te s  and th a t  th e  hraagglu tination  was in h ib ited  by 
sp ec ific  immune serum (17). In th is  group of v iru ses , the v i r a l  hera- 
agglu tinating  agent was found to  be separate from th e  v irus p a r t ic le  
(8),
Hemag^utination of neurotropic v iruses was f i r s t  demonstrated 
ly  Hallauer in  1947 (18). He found th a t encephalorayocarditis (Mengo, 
Colmnbia SK, end Columbia MH v iruses) agglutinated sheep erythrocytes 
and th a t agg lu tina tion  was in h ib ited  by specific  a n tise ra . He also  
found th a t QDVII (mouse encejhalcHByelitis v iru s)  would not agg lu tina te  
sheep erythroQTtes. Lahelle and H orsfall were able to  demonstrate 
th a t  GDVII would agg lu tina te  only human-0 lc*ed blood c e lls  and not sheep
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c e l l s  (1 9 ) .  In  1949, O lits k y  and T.iger c o n f im e d  th e  hema: g lu t in a t io n  
o f sheep red  blood c e l l s  by Columbia SK, Columbia I # ,  and . engo 
en c e p h a lo n y e lits  (Iffî) v iru s e s  and a ls o  showed a  s im ila r  s p e c if ic  
r e a c t io n  w ith  en cep h a lcw y o card itis  (IM J) v iru s e s  (2 0 ) , They a ls o  t e s t e d  
WEE and SLE v iru s e s  a g a in s t  sheep, human-0, ch ic k , h o rse , ham ster, dog, 
c a t ,  and guinea p ig  e ry th ro c y te s  and found th a t  none o f  th e  e ry th ro c y te s  
were a g g lu tin a te d  by th e s e  two v i r u s e s .
In  1950, Sabin and Bueschcr were a b le  t o  reco v e r a  s p e c if ic  hem­
a g g lu tin in  from mice b ra in s  in fe c te d  w ith  Japanese B (Jap  B) enceph­
a l i t i s  (2 1 ) , They found th a t  th e  hem agg lu tin in  o f  Jap  B possessed  
d i f f e r e n t  p ro p e r t ie s  from a l l  o th e r  v i r a l  hem agg lu tin in s: (1 )  In fe c te d  
mice b ra in s  co n ta in ed  a  substance  t h a t  would in a c t iv a te  th e  h® aagg lu tin in  
by i t s e l f ,  Tli%r were a b le  to  r®aove t h i s  I n a c t iv a t in g  substance  by 
d i f f e r e n t i a l  c e n tr i fu g a t io n .  (2 ) The hem agglu tin in  would re a c t  b e s t 
w ith  ch ick  e ry th ro c y te s  o b ta in ed  from ch ick s  l e s s  th a n  24 hours o ld ,
(3 )  The hem agglu tin in  combined w ith  th e  e ry th ro c y te s  in  a  very  narrow  
pÆî zone, (4 ) The re c e p to r -d e s tro y in g  enzyme o f  V, c h o le ra e  d id  no t 
a f f e c t  th e  c a l l  r e c e p to r ,  (5 )  The in h ib i to r s  i n  norm al human serum 
seemed to  be l i p i d  in  n a tu re  because th e y  cou ld  be removed by e x t r a c t io n  
w ith  chloroform  w ithou t a f f e c t in g  th e  HI a n t ib o d ie s . I t  vjas a ls o  found 
th a t  S t ,  Louis e n c e p h a l i t i s  (SLE) s t r a in s  w ith  over a hundred mouse 
passages would no t produce a h em agg lu tin in , b u t th a t  th r e e  newly i s o l ­
a te d  s t r a in s  d sn o n s tra te d  a  s p e c if ic  hem agg lu tin in  f o r  ch ick  and sheep 
e ry th ro c y te s  from pH 6 ,5  t o  7 ,0 ,  They were unable to  dem onstra te  t h i s  
f o r  w estern  equine e n c e p h a l i t i s  (W .E),
Chanock and Sabin found th a t  th e  hem aggilutInin f o r  SLE was d i f f e r e n t
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£rma t h a t  f o r  Jap  B (22 , 2 3 , 2 4 , 25 )• The h«r:«i.t'Tglutiiila o f  Jap  B waa 
s ta b le  ^ le n  a  2C0 b r a ia  suspension  in  p iiyslo log lc  s a l t  s o lu tio n  was 
c w tr l f n g s d  a t  13,<X30 rp a  f o r  1  hour* t l d »  was n o t t r u e  f o r  hea* 
a g g lu tin in  and th e  problem seemed to  be In  th e  esdtr& ctioa o f  an in h ib ­
i t o r  Wiioh |ax>daced a  sons ^Mmtwss,m.on o r  ©omx'letely n eg a tiv e  r e s u lts #
I t  was found th a t  e x t ra c t  l;:m o f  a  20^ b ra in  suspension  ifilth a  physio log­
i c a l  s a l t  sc^u tio n  b u f f e r ^  w ith  borate-K C l, pü 9#0 and e s n tr ifu g e d  a t  
13,000 rpm f o r  1 hour vsmld produce a  etrb l©  hcoa^gglutinin o f  h i r ^  t i t e r #  
T h is h eaag g lu tln in  showed no sons phWimwKm o r  n e g a tiv e  r e s u l t s  a t  fll 
7#7 o r  s to v e  idien s to re d  a t  4^ C a l th o u i^  th e  pU rociulrem ents f o r  r e ­
a c tio n  w ith  © lythrocytea s h i f te d  w hile  being  s to re d  a t  4^ C# O r ig in a lly , 
th e  mximyK t i t e r  was o b ta in ed  in  a  son© o f  pH 6#6 to  7*1, b u t ©^lifted 
to  a  son© o f  pH 6*8 to  8*3 upon sto rage#  T h is was a l le v ia te d  by f re e z ­
in g  th e  hsEsagglutinln a t  -7QP C a t  pH 8#0# Ig m p h illsa tio n  re s u lte d  i n  
CMsBiplete lo s s  o f  hm m gglutinin#
Cham>ok and Sabin a lso  showed t ^ t  th e  eiyt^ircwytes fjrca Chicks 
l e s s  than 24 hours o ld  were beet f o r  SLE, w ill©  c e l l s  o f  o ld er  ch ickens 
end sheep gave Irregular re su lts#  Ho receptor-dostroyiüg «BiEyiae was 
present b ^ auee th e hem agglutInatlon  Could b® rev ersed  by Ë iaklng a t  
room temperature or more rap id ly  a t 37** C# The receptoi's were not 
destroyed because add ition  o f  fre<^i h cm g;,lu tin ia  would r w g g lu tin a te  
th e erybimx^’teo* The treatment o f  th e  eiythrocj’t c s  w ith EDS had no 
e f f e c t  upon th e receptors fo r  SliS#
% ey  found t h a t  normal hixnan co n ta in ed  in h ib i to r s  w ith
t i t e r s  rang  ng from 1*320 to  1*2560 depca-iding on th e  number o f  u n i t s  
o f  hem agglutin in  used# Ih e  t i t ^ s  o f  th e s e  W i ib i to r s  could be decreased
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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t o  l e s s  th a n  10 hy acetone p r e c ip i ta t io n  o f  th e  eerum. The HI t e s t  
was s e t  up in  th e  fo llow ing  manner* The serum p re c ip i ta te d  tw ice  
w ith  acetone was reauspesided and brought down to  pH 6 .5  and tw o -fo ld  
d i lu t io n s  were made a t  th e  same pH. To 0 .25  ml o f  serum d i lu t io n  was 
added 0 .25  ml co n ta in in g  16 u n i t s  o f  hem agglutin in  a t  pH 7 .7 . Washed 
e ry th ro cy te s  in  s a l in e  were added to  each tu b e  im m ediately a f t e r  add i­
t i o n  o f  th e  hem agglutin in  because th e  in a c t iv a t io n  o f  th e  hem agglutin in  
was v ery  ra p id  a t  th e  pH and tem pera tu re  n ecessary  f o r  optimum combina­
t io n  w ith  th e  e ry th ro c y te s . The f i n a l  iSl in  th e  tu b e s  was 6 .9 .  The 
tu b es  were allow ed to  stand  f o r  1 t o  2  hours a t  roan  tem p era tu re . £ i ^ t  
p a ire d  acu te  end convalescen t specimens wer-e t e s te d  by th e  HI t e s t  and 
showed an in c re a se  in  t i t e r *  S ix teen  specimens from an endemic a re a  
were te s te d  s im ila r ly .  Three o f  th e s e  specimens were p o s it iv e  f o r  n eu t­
r a l i s a t i o n  and th e  r e s t  were n e g a tiv e . S im ila r r e s u l t s  were o b ta in ed  
by th e  HI t e s t .  I t  was concluded th a t  th e  HI t e s t  seemed to  be a s  
s e n s i t iv e  a s  th e  n e u t r a l iz a t io n  te s t#
I t  was no t u n t i l  1954 th a t  Chanock and Sabin were ab le  to  o b ta in  
a s ta b le  hem agglutin in  f o r  WEE (2 6 ) . The hem agglutin in  was p repared  
in  th e  same manner as th a t  f o r  SLE. The re a c tio n  o f  ch ick  e ry th ro cy te s  
and h en ag g lu tin in  was w ith in  th e  narrow range o f ïÆi 6 .0  to  pH 6.3# The 
hem agglutin in  t i t e r s  were in c reased  by shaking th e  c e l l s  a f t e r  a g g lu tin a ­
t i o n  was com plete, which was e x a c tly  th e  o p p o site  o f  SIE. I t  seemed 
th a t  th e  e ry th ro cy te  re c e p to rs  were bound i r r e v e r s ib ly  to  th e  V/EE 
h em agg lu tin in . I t  was a ls o  dem onstrated th a t  th e  V/EE hem agglutin in  
d isap p ea red  a f t e r  s ix  mouse p assag es, w h ile  th e  v iru s  t i t e r  i n  th e  
m ice b ra in s  remained approxim ately  th e  same.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Normal human serum was found to  have in h ib i to ry  t i t e r s  f o r  WSE 
v iru s  ran g in g  from 1 :20  t o  1:640 which could  be low ered to  l e s s  th an  
5 by a c e to n o -p re c ip ita tio n  o f  th e  serum. The HI t e s t  was s e t  up by 
d i lu t in g  th e  hem agglutin in  t o  Ô u n i ts  in  0 .5  ml in  a  0 ,02  phos#m te 
s a l in e  b u f fe r  a t  6 .4  which was s ta b le  f o r  1 h o u r. Serum d i lu t io n s  
were made in  0 .02  M phosphate s a l in e  b u f fe r  o f  pH 5 .6  so t h a t  Wien 
equal volumes o f each were combined a  f i n a l  pH o f  6 .1  was o b ta in ed .
Acute end Convalescent specimens from 7 in d iv id u a ls showed an in c rease d  
t i t e r .
In  1953f C asals and h is  a s s o c ia te s  were a b le  to  make s p e c if ic  
h em ag ^ u tin in s  f o r  dengue, e a s te rn  equine e n c e p h a l i t i s ,  U h e u s , Jap  B, 
H teya, R ussian F ar E ast e n c e p h a l i t i s .  West N ile , and yellow  fe v e r  
v iru s e s  (29)» The hem agglutin in  was p repared  by a c e to n e -e th e r  e x tra c t io n  
o f  in fe c te d  mice b ra in s .  T h is  was th e  same method th a t  C asals had 
p rev io u s ly  used f o r  p re p a ra tio n  o f  oom plem ent-fixation an tig en s  (27 ,
2 8 ) . In  1954, C asals  and h i s  a s s o c ia te s  were ab le  to  c l a s s i f y  th e  
arthropod'*bom e v iru s e s  in to  two groups by th e  use  o f  th e  hem agglutina- 
t io n - in h ib i t io n  t e s t  (3 0 ) . The f i r s t  group con ta ined  th o se  v iru s e s  th a t  
re q u ire d  a  tem peratu re  o f  37*̂  C and 6.4# vh ich  in c lu d ed  EEE, VEE,
WEE and S indb is v i r u s e s .  The second group Contained th o se  v iru s e s  
th a t  req u ired  a tm npera tu re  o f  4® C o r  22® C and pH 7.0# which in c lu d ed  
dengue, ty p e s  1 and 2 , DLhdus, Jap  B, N taya, SLB, Uganda S , West N ile , 
and yellow  fe v e r .  In  th e s e  eaqperiments he used  on ly  ani mal inamme serum.
In  1955# C asals and h is  a s s o c ia te s  were a b le  to  s im p lify  th e  methods 
f o r  th e  HI t e s t  (31 , 3 2 ) . They used Sabin* s method f o r  th e  p re p a ra tio n  
o f  ch ick  e ry th ro c y te s  (23) excep t t h a t  th ey  s ta n d a rd ise d  th e  ch ick  c e l l s  
w ith  a  p h o te le c tr ic  spectrophotcm ieter. C e lls  w ith  an  o p t ic a l  d e n s ity
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
o f  0 .450  were used  f o r  th o se  v iru s e s  Which a g g lu tin a te d  b e s t a t  37° C 
o r  22^ C* and an  o p t ic a l  d e n s ity  o f  0 .600 When a g g lu tin a tio n  occurred  
a t  4° C# The se n m  was t r e a te d  w ith  a  1$ B en ton ite  s o lu t io n  o r  f i l t e r e d  
t h r o u ^  S e i ts  pads i n  o rd e r  to  remove th e  in h ib i to r s .  The serum and 
hem agglu tin in  were d i lu te d  in  a  b o ra te  s a l in e  so lu t io n  a t  pH 9 .0  and 
k ep t i n  an ic e  b a th . A fte r  o v e m i ^ t  c o n tac t o f  th e  serum wad an tig en  
i n  an ic e  b a th , an  eq u a l volume o f  c e l l  suspension  in  phosphate b u ffe re d  
s a l in e  was added so t h a t  th e  f i n a l  pH f o r  VŒE was pH 6 .5  and pH 6 .8  f o r  
SIE. This te c h n ic  was l a t e r  m odified  by e lim in a tin g  th e  ic e  b a th  and 
in cu b a tin g  most o f  th e  a rth ropod-bom e v iru s e s  a t  37° C (33)#
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sta tem en t o f  Froblm m 
The p re se n t problem was to  determ ine i f  a  sim ple and s e n s i t iv e  
hem agglu tjjE iation-lnh ib ition  t e s t  f o r  VJEE and SLB co\old be developed 
by combining th e  b e s t  te c h n ic s  o f Sabin and C a sa ls . The answers to  
th e  fo llo w in g  q u es tio n s  were sought# ( l )  What i s  th e  jÆÎ requirem ent 
f o r  WEE and SUS t o  r e a c t  w ith  ch ick  e ry th ro cy te s?  (2) What i s  th e  
e f f e c t  o f  s e r i a l  mouse passages on WEE and SLE hem agglutin in  t i t e r ?
(3 ) Can th e  hm oagglutin in  f o r  WEE be re s to re d  by one passage thjrough 
ch icks and m osquitoes? (4 ) How s ta b le  a re  Ô u n i t s  o f  SLE hem agglutin in  
a t  pH 9*0? (5} How does acetone compare w ith  B en ton ite  in  removing th e
in h ib i to r s  o f  norm al human and normal anim al serum f o r  VÆIE and SLE?
(6 ) Wiat e f f e c t  does o v e r n i ^ t  co n tac t between an tigm i and serum have 
on an tibody  t i t e r s  f o r  WEE and SLE? (7 ) How does th e  HI t e s t  compare 
w ith  th e  n e u t r a l iz a t io n  and ccmplement—f ix a t io n  t e s t s  a s  a  d ia g n o s tic  
to o l  f o r  WEE and SLE? (8 ) How does th e  HI t e s t  coa^^are w ith  th e  
n e u t r a l iz a t io n  and com plem ent-fixation  t e s t s  a s  a  survey to o l  f o r  WEE 
and SLE?
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C hapter I  
M a te r ia ls  and Methods 
V iru s . S ix  s t r a in s  o f WEB v iru s  were used in  t h i s  experim ent. 
S tra in s  521-52;^ 6?0, 631^ 633, and 683 were is o la te d  from pools o f  
Culex t a r s a l i s  m osquitoes and each had two mouse passages v-hœ! th e y  
were re ce iv ed . VIEE 85 had 35 mouse passages and was is o la te d  from 
a ho rse  in fe c te d  w ith  tJEE.
Four s t r a in s  o f  SLE v iru s*  a H  is o la te d  from pools o f  C. t a r s a l i s  
mosquitoes* were used . S tra in s  798—55* 667, and 680 had two mouse 
passages and s t r a in  2042 had 41 mouse passages when th ey  vrere re ce iv ed . 
Mice. A s t r a in  o f  ^diite S%d.es mice (Rocky Mountain L aboratory 
s t r a in )  was used in  th e  p re p a ra tio n  o f th e  an tig en s  and in  th e  n e u tra l­
iz a t io n  t e s t .  Each l i t t e r  o f  mice con tained  6 baby mice th a t  were 
e i th e r  4 o r  8 days o ld , depending on th e  v iru s  u sed . Twenty-one-day- 
o ld  mice were used in  th e  n e u t r a l i s a t io n  t e s t .
C hicks. The ch ick s were id iite  Leghorns (Blue Line s t r a in )  hatched 
from eggs ob ta ined  from th e  W estern C ooperative H a tch e rie s , Bellingham , 
W ashington. The eggs were incubated  in  a  d ry  in cu b a to r f o r  19 days and 
th e n  moved t o  a  m oist in c u b a to r f o r  h a tch in g .
Preparation o f  d ilu e n ts ,
A* A lsever’ a so lu t io n  f o r  p re se rv a tio n  o f ch ick  e ry th ro c y te s  (23)
D extrose 2 ,05  grams
Sodium c i t r a t e  0 .80  *•
C i t r i c  a c id  0.055 *
Sodiun c h lo rid e  0 .42  "
G la s s - d i s t i l l e d  w ater 100 ml
A utoclave a t  10 pounds f o r  10 m inu tes,
- 10-
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B* D ilu e n ts  f o r  conducting  HA and HI t e s t s  (32)
1* Stock so lu tio n s
(a )  1 .5  M HaCl -  87.675 m  MaCl made to  1 l i t e r  w ith  
g l a s s - d i s t i l l e d  w ate r,
(b ) 0 .5  K î^BO^-30.92 gpt were d isso lv ed  in  700 nCL 
o f  h o t g l a s s - d i s t i l l e d  w a te r. A fte r th e  s o lu t io n  
had cooled  t o  room tem p era tu re , i t  was made up to
1 l i t e r .
(c )  C oncentrated  ftaOH—ap p ro x la a te ly  500 ml o f  g la s s -  
d i s t i l l e d  w ater were added to  500 gm o f  NaOH p e l l e t s .
The m ix tu re  was shaken u n t i l  th e  p e l l e t s  were d is ­
so lved  and l e t  co o l b e fo re  s to p p erin g  t i g h t l y .  The 
m ix tu re  was allow ed to  s tan d  f o r  1 week a t  room, temp­
e ra tu r e .  The c le a r  su p em ate  was drawn o f f  and pu t 
in to  a  po lye thy lene  p la s t i c  reag en t b o t t l e .
(d ) 0 .5  M Ka2HP0j|̂  -  70.99 gm anhydrous) made to
1 l i t e r  w ith  g la s s - d i s t i l l e d  w a te r.
(e )  1.0 M NaHgPOj  ̂ -  138.01 m  Kaî^PO^.K^O made to  1 
l i t e r  w ith  g l a s s - d i s t i l l e d  w a te r.
The stock  s o lu t io n s  were s to re d  a t  room tem p era tu re .
2 .  B ora te  s a l in e  an tigen -serum  d i lu e n t ,  pH 9 .0
1 .5  M NaCl 80 ml
0.5 M H3PO- 100 ml
1 to  20 d i lu t io n  o f  W
cono. HaoH 2? ml
G la s s - d i s t i l l e d  1^0 to  make 1 l i t e r
The pH was Checked to  read  9 .0  and th e  d i lu e n t  was 
s to re d  a t  4** C.
1 /T h is  v a lu e  has to  be determ ined w ith  each new batch  o f co n cen tra ted  KaOH.
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3* C oncentrated  b o ra te - s a l in e  so lu tio n  f o r  a c e to n e - tre a te d  se ra
1 .5  M NaCl 0 ,0  ml
0 .5  M HjBOj 50 .0  ml
1-20 d i lu t io n  o f  
co n c en tra ted  NaOSl 13 .0  ml
C la s s - d i s t i l l e d  w ater to  make 100 ml
The pH was checked to  read  9 .0  and i t  was s to red  a t  4^  C.
4* Chick e ry th ro c y te  a d ju s tin g  d i lu e n ts
A s e r ie s  o f  a d ju s tin g  d i lu e n ts  were used to  suspend th e  
ch ick  e ry th ro c y te s  in  o rd e r t o  o b ta in  th e  p roper pH f o r  
a g g lu tin a tio n . The approxim ate v a lu es a re  summarised in  
Appendix 1 .  The d i lu e n ts  were s to re d  a t  4® C* I f  th e y  
were s to red  a t  a  low er tem p éra tu re , th e  d i lu e n ts  above 
pH 6 .7  c r y s ta l l i s e d  o u t .  They could  be red isso lv ed  by 
h e a tin g  in  a  37^ C w ater b a th .
Index f o r  read in g  amount o f a /g lu t in a t io n .  The s a lk  p a t te rn  
te c h n ic  was us%i In  read in g  th e  BA and HI t e s t s  ( 5 ) .  T h is i s  demon­
s t r a t e d  i n  I l l u s t r a t i o n  1 ,
P re p a ra tio n  o f  an tig en  f o r  ¥SS and SIÆ. Casals* te c h n ic  f o r  th e  
p rep a ra tio n  o f an tig en  was fo llow ed in  t h i s  experim ent (3 2 ) . F our-day- 
o ld  mice f o r  SLB and d - d ^ - o ld  m ice f o r  liEE were in o c u la te d  i n t r a -  
e e re b ra l ly  w ith  0 ,02  ml o f  10**  ̂ d i lu t io n  o f  in fe c te d  b ra in  suspension  
in  10^ h ea ted  r a b b i t  serum in  sa lin e*  When a l l  th e  mice showed s ig n s  
o f  s ic k n e ss , which was in  about 36 hours a f t e r  in o c u la tio n  f o r  WEE and 
72 hours f o r  SLE, th e  b ra in s  were h a rv e s te d . T h is was done by p u tt in g  
th e  mice under l i ^ t  e th e r  a n e s th e s ia  and exsan g u in a tin g  them by c u t t in g  
th r o u ^  th e  c h e s t w a ll .  The b ra in s  were removed in  th e  u su a l manner
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ajïd placed in  a sm all p e tr i dish* The brain t is s u e  was w e ir e d  and 
immediately frozen  in  a dry—ic e  a lcoh ol m ixture. They were stored at 
-70® c  u n t i l  th e  ex traction  was dbne.
Before ex tra ctio n , th e acetone and ether were c h ille d  in  an ic e  
bath* A Waring Blendor was cooled to  —20® C before using* Ice  baths 
were se t  up to  keep th e  brain t is s u e  at 1 to  2® C during the extrac­
tion *  Next the weigjhed brain t is s u e  was allowed to  p a r t ia lly  thaw*
Then i t  was rapid ly  hom ogm lz^ fo r  2 minutes in  20 volumes o f  
acetone in  the Waring Blendor* The hcmogenlzed brain suspension was 
poured equally  in to  two IOOhqI  pyrex g la ss  cen trifu ge tubes and 
Centrifuged fo r  2 minutes a t 2000 rim in  a refr igerated  centrifuge  
or in  the cold  room* The c lea r  supem ate was discarded and 20 v o l­
umes o f  fresh  acetone were added* The mixture was allowed to  stand  
fo r  20 minutes in  an Ic e  bath and shaken a t ^nninute in terva ls*  Then 
i t  was cmatrifuged fo r  2 minutes a t 2000 rpm* The supem ate, Wiich 
should be cloudy, was discarded and 20 volumes o f  an equal mixture o f  
acetone and ether were added to  the sediment* The mixture was allowed  
to  stand in  an ic e  bath fo r  20 minutes with shaking* I t  was ce n tr i­
fuged as before and the cloudy supem ate was discarded* Twenty v o l­
umes o f  fresh  ether were added* A fter standing in  an ic e  b;ith fo r  
20 minutes and cen tr ifu g in g  as b efo re , the cloudy supem ate was d is ­
carded* A ll th e sediment was pooled in  one cen trifu ge tube w ith 10 
volumes o f  eth er . A fter a la s t  cen tr ifu gation , th e  supem ate was 
discarded and the resid u a l ether was removed by vacuum*
A fter the eth er was com pletely removed, which took about 1 hour,
2 ml o f  c h il le d  0.9^ sa lin e  per 1 gm o f o r ig in a l brain t is s u e  was added.
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Th« m ix tu re  wae shaken and l e t  s tand  overn igh t in  an ic e  b a th . Then 
I t  was cw itr lfu g e d  a t  9000 g . f o r  1 hour. The su p em ate  was drawn 
o f f  and d ispensed  in  2«4ol amounts in  am pules. The ampules were th en  
sea led  o f f  and th e  a n tig e n  was fro zen  in  a d ry -io e  a lco h o l m ix ture 
and s to re d  a t  a  -30® C. Ko d e te c ta b le  lo s s  o f  hem agglutin in  was 
n o tic e d  over a 150-day p e r io d .
P re p a ra tio n  o f  ch ick  e ry th ro c y te s . Sabin* s  te c h n ic  o f p rep arin g  
e ry th ro c y te s  was fo llow ed in  t h i s  experim ent (2 3 ) . Chicks l e s s  th an  
one day o ld  were b led  from th e  h e a r t  id ii le  under e th e r  an esth esia*  
Two-ml tu b e rc u lin  sy rin g es  th a t  con ta ined  1 ml o f  Alsever* e s o lu t io n  
were u sed . The blood was t r a n s f e r r e d  to  an  E rle n m ^ w  f la s k  and ad d i­
t io n a l  Alsever* s was added so th a t  th e re  was 4  ml o f  A lsever’s  p e r  
1 ml o f  b lood . !Dils was s to re d  a t  4® C f o r  4@ hours b e fo re  using*
On th e  day th e  c e l l s  were to  be used , a  10^ suspension  was 
p rep ared . T h is was done by c e n tr ifu g in g  th e  ch ick  ce ll-A lsev er*  s  
suspension  f o r  f iv e  m inutes a t  2000 rpm. The su p em ate  was poured o f f  
and th e n  th ey  were washed th r e e  tim es w ith  0 .9 ^  s a l in e .  The volume 
o f  c e l l s  was measured and n in e  tim es t h i s  volume o f 0 .9 ^  s a l in e  was 
added. J u s t  b e fo re  th e  c e l l s  were to  be used  in  th e  UA o r  HI t e s t ,  
a  0.25% suspension  was made in  th e  a d ju s tin g  d i lu e n ts .
T i t r a t io n  o f  th e  h en aR g lu tln ln . B efore th e  hem agglutin in  t i t r a ­
t i o n  was done, th e  an tigen-serum  d i lu e n t  a t  pH 9 .0  was added to  
Wassenoan tu b es  and l e t  s tand  in  th e  r e f r ig e r a to r  a t  4® C f o r  a t  l e a s t  
20 m in u tes . Then an  ampule o f  a n tig e n  was thawed in  an  ic e  b a th .
The tu b e s  co n ta in in g  th e  an tigen -serum  d ilu e n ts  were removed from th e  
r e f r ig e r a to r  and th e  h en a g g lu tin in  t i t r a t i o n  was s e t  up a t  room temp­
e ra tu r e  w ith  d i lu t io n s  from l t d  to  l t l 6 ,3 8 4 .  To 0 .5  ml o f  a n tig e n  was
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added 0«5 lal o f  0*25^ ch ick  c e l l  suspension in  th e  a d ju s t ng d i lu e n ts .  
A c e l l  c o n tro l  was a ls o  s e t  up* These tu b e s  were shaken and th en  incu«
b a ted  f o r  1 hour a t  37^ C* The h m iag g lu tln ln  t i t e r  was d efin ed  a s  th e  
h ig h e s t d i lu t io n  g iv in g  a  1  p lu s  a g g lu tin a tio n . The t e s t  was re ad  lok- 
œ ed ia te ly  fo r  SLE because th e  c e l l s  had a  tendency to  slough o f f .  WEE 
was read  w ith in  24 h o u rs .
The hem agglu tin in  o f  each new s t r a in  o f WEE should be t i t r a t e d  
from pH 6 ,0  to  pH 6 .5  In  o rd e r  to  g e t th e  optimum pH f o r  a g g lu tin a ­
t i o n .  Hew s t r a in s  o f  SLE sho Id  be t i t r a t e d  from pH 6 .6  to  pH 7 .5 .
The optimum pH was found to  be 6 .3  f o r  VŒE and 7 .0  f o r  SLE.
P re p a ra tio n  o f  immune guinea p ig  serum. The te c h n ic  f o r  th e  
p re p a ra tio n  o f th e  immune serum was suggested by D r. C a rl H. Hclund.
To 5 ml o f  10"^ d i lu t io n  o f  an  in fe c te d  mouse b ra in  suspension was 
added 0 .01  ml o f form aldahyde. T his was shaken and h e ld  a t  room 
tem pera tu re  f o r  24 h o u rs . Then 1 ml was in o c u la ted  subcutaneously 
in to  each guinea p ig .  F ourteen  days a f t e r  th e  f i r s t  in o c u la tio n , 
th e  guinea p ig s  were in o c u la ted  w ith  1  ml o f  10 in fe c te d  b ra in  
suspension  th a t  was n o t t r e a te d  w ith  form aldahyde. T his was rep ea ted  
14 days la te r*  On th e  11 th  day a f t e r  th e  t h i r d  in o c u la t io n , th e y  were 
b led  from th e  h e a r t  vdiile under e th e r  a n e s th e s ia . The blood was 
pooled and allow ed to  s tan d  1 hour a t  room tm m perature b e fo re  r in g in g  
th e  c l o t .  I t  was th e n  allow ed to  s tan d  a t  a  37° C fo r  45 m inutes and 
p laced  in  th e  r e f r ig e r a to r  o v e rn ig h t. The serum was poured o f f  and 
c e n tr ifu g e d  a t  2000 rpm f o r  15 m inu tes, f i l t e r e d  th rough  a S e i ts
f i l t e r ,  d ispensed  in  5-ml amounts, and s to re d  a t  -30® C.
Preparation o f serum fo r  th e HI t e s t . I t  was important th a t th e
serum was n o t in a c t iv a te d  a t  56° C b e fo re  p r e c ip i ta t io n  w ith  ace to n e .
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To 0*75 Jol o f  0*9% s a l in e  was added 0*25 ml o f serum in  a  15-ml c e n t r i ­
fuge tube* To t h i s  was added 12 ml o f  acetone* The m ixture was shaken 
f o r  a  sh o r t tim e and c e n tr ifu g e d  a t  500 rpm fo r  3 m inutes* The su p e r- 
n a te  was d isca rd ed  and th e  p r e c ip i ta te  was resuspended in  12 ml o f 
f r e ^  acetone* T h is was shaken and ce n tr ifu g e d  a t  2000 rpm f o r  3 
m inutes* The acetone e x tra c t io n  was rep ea ted  ag a in  except th a t  I t  
was c e n tr ifu g e d  a t  2000 rp a  f o r  5 m inutes* The su p em ate  was d is c a rd ­
ed and th e  r e s id u a l  acetone was allow ed to  evaporate  overn igh t a t  room 
tem perature* o r  was removed by a  vacuum* The p r e c ip i ta te  would no t 
resuspend i f  th e  acetone  was no t com pletely  removed* The p r e c ip i ta te  
was resuspended in  2*0 ml o f  0,9% s a l in e  which gave a  l t d  d i lu t io n  o f 
th e  o r ig in a l  serum* To t h i s  was added 0 ,5  ml o f  co n cen tra te  b o ra te -  
s a l in e  b u f fe r  a t  pH 9 .0  to  g ive  a  f i n a l  d i lu t io n  o f  1*10. The survey 
specimens were run  a t  a  1 :5  d i lu t io n .  I n  o rd e r to  do th is *  0*4 ml o f  
serum was d i lu te d  i n  0 .6  ml o f  0*9% s a lin e  and p r e c ip i ta te d  w ith  acetone 
a s  before*  A fte r th e  acetone was removed* 1 ,6  ml o f  0*9% s a l in e  and 
0*4 ml o f  co n cen tra ted  b o ra te - s a l in e  b u f fe r  a t  pH 9 .0  was added.
Procedure cf HI t e s t  (3 2 )* The f i r s t  s te p  in  s e t t in g  up th e  HI 
t e s t  was th e  p re lim in ary  t i t r a t i o n  o f a l l  th e  an tig en s  to  be used*
The ampules o f  a n tig e n  were thawed in  an ic e - b s th ,  A d i lu t e  p rep ara­
t i o n  o f  th e  an tig e n  was made in  th e  an tigen-serum  d i lu e n t ,  pH 9.0* 
id iich , frcm  p rev ious t i t r a t i o n s *  should  c o n ta in  16 hraaagglu tin in  u n i ts  
in  0*25 m l. The d i lu t e  p re p a ra tio n  was k ep t in  an ic e  bath  a t  a l l  tim es, 
T i t r a t io n s  were c a r r ie d  ou t by making s e r i a l  tw o -fo ld  d ilu tio n s*  0*5 ml 
in  amount* i n  th e  a n tig e n -se n m  d ilu e n t  a t  pH 9 .0  whicli had p rev io u s ly  
been c h i l le d  to  4® C in  th e  tubes* This t i t r a t i o n  was c a r r ie d  o u t 
th rough  n in e  tubes* p lu s  a c e l l  c o n tro l  v^iich co n ta in ed  0*5 ml o f  th e
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an tlg em -se rm  d ilu en t*  0*5 ml o f  0*25^ o f  a  f r e s h ly  p repared  c e l l  
suspension  in  a d ju s tin g  d i lu e n ts  was added to  each tu b e  to  g ive th e  
optimum pH f o r  a g g lu tin a tio n  (pH 6 .3  f o r  and pH 7 .0  f o r  SIE) and 
was incubated  f o r  1 hour a t  37® C* I f  th e  t i t r a t i o n  r e s u l t s  showed 
com plete o r  1 p lu s  a g g lu tin a tio n  in  th e  f i f t h  tu b e , th e re  were 16 
u n i ts  o f  hem agglu tin in  in  0*25 ml o f  th e  d i lu t e  p re p a ra tio n . I f  th e  
hem agglu tin in  t i t e r  was to o  weak o r to o  s tro n g , i t  was ad ju s te d  by 
adding more co n c en tra ted  a n tig e n  o r  an tigen-serum  d ilu en t*
While th e  p re lim in a ry  t i t r a t i o n s  were in  th e  w ater b a th , th e  
serum d i lu t io n s  were made* The a c e to n e - tre a te d  serum a t  pH 9 .0  was 
t i t r a t e d  i n  s e r i a l  tw o -fo ld  d i lu t io n s  in  th e  an tigen-serum  d ilu e n t 
a t  pH 9*0* When th e  t e s t  was s e t  up fo r  bo th  WEE and SLE, two s e r ie s  
o f  serum d i lu t io n s  were s e t  up a t  th e  same tim e . The serum d i lu t io n s  
f o r  each v iru s  were p laced  in  se p a ra te  rad cs  and th e n  pu t in  th e  
r e f r ig e r a to r  a t  4® C f o r  30 minutes* A fte r  th e  serum d i lu t io n s  were 
c h i l le d ,  0*25 ml o f a n tig en  co n ta in in g  16 hem agglutin in  u n i t s  was 
added w ith  a  Cornw all p ip e t te  to  each tube  co n ta in in g  0,25 ml o f  serum 
d ilu tio n *  The tu b e s  were put in  th e  4® G co ld  room and allow ed to  
s tan d  o v e rn ig h t. Then 0 .5  m l o f 0*2%g ch ick  e ry th ro c y te  suspension  in  
a d ju s tin g  d ilu e n t was added to  each tu b e  w ith  a Cornwall p ip e t te  and 
p laced  in  th e  37® C w ater b a th  fo r  1 hour* The an tibody  t i t e r  o f  th e  
serum was th e  h i^ ji^ s t d i lu t io n  com pletely  in h ib i t in g  8 u n i ts  o f  hem­
a g g lu tin in .
S ix  c o n tro ls  were s e t  up w ith  each t e s t*  (1) A serum c o n tro l  f o r  
each serum co n ta in in g  0*25 ml o f  an tigen-serum  d i lu e n t  and 0*25 ml o f  
th e  lo w est d i lu t io n  o f  serum u sed , (2 ) An a n tig e n  c o n tro l  f o r  each 
v i r u s  co n ta in in g  0 .25  ml o f an tigen-serum  d i lu e n t  and 0*25 ml o f  a n t i ­
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gen d i lu t io n  used in  th e  t e s t .  (3 ) An a n tig e n  t i t r a t i o n  c o n tro l  was 
s e t  up s im ila r  to  th e  p re lim in a ry  t i t r a t i o n  except th a t  8 u n i ts  o f  
hem agglu tin in  in  0*3 ml were l e t  s tand  overn igh t (same a s  th e  r e s t  o f  
th e  t e s t )  and n in e  tw o -fo ld  s e r i a l  d i lu t io n s  were made ju s t  b e fo re  th e  
c e l l s  were added. (4 ) A c e l l  c o n tro l w ith  0 .5  ml o f  a n tlg e n -se n m  
d ilu e n t and 0 .5  ml o f  0 .25^ c e l l  suspension  was s e t  u p . (5 ) A n eg a tiv e  
serum c o n tro l  f o r  each v i r u s  was s e t  up . (6 ) A p o s it iv e  serum c o n tro l 
was s e t  up f o r  each v i r u s .  The serum c o n tro ls ,  c e l l  c o n tro ls  and neg­
a t iv e  serum c o n tro ls  had t o  be n e g a tiv e . The p o s i t iv e  serum c o n tro l  
had to  in h ib i t  a g g lu tin a tio n . The an tig en  c o n tro ls  had to  show a 2 
p lu s  a g g lu tin a tio n  and th e  an tig en  t i t r a t i o n  c o n tro l had to  show ccanplete 
o r  1 p lu s  a g g lu tin a tio n  in  th e  f i f t h  tu b e .
N eutralization  t e s t .  The n eu tra liza tio n  t e s t s  were se t  up accord­
ing to  standard procedure (3 4 )« The serum d ilu tio n  was held  constant 
and th e v iru s was t itr a te d  in  s e r ia l  ten -fo ld  d ilu t io n s . Thirty mice 
fo r  each v iru s  d ilu tio n  were used to  ca lcu la te  th e  v iru s t i t e r  in  each 
t e s t .  The negative specimens fo r  th e HI t e s t  were screened in  th e
n e u tr a l iz a t io n  t e s t  a t  30 LD .50
Cojaplaa«tit-flxation t e s t .  A ll cam planent-fixation t e s t s  were 
performed tgr Dr. David B, Lackman,
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C hapter XI 
E e su lts
rH rsQulrfgnent fo r. and FHLR t.Q re a c t w ith  ch ick
e ry th ro c y te s .  The experim ents shown in  T able I  rev ea led  th a t  V»ES 
hem agglu tin in  re a c te d  w ith  ch ick  e ry th ro cy te s  in  a  narrow pH range.
S tra in s  521-52 and 670 had a pH range o f  6 .2  to  6,4# The rem aining 
s t r a in s  bad a w ider range, b u t th e  maximum hem agglutinin  t i t e r  
was o b ta in ed  a t  pH 6 .3  f o r  a l l  f iv e  s t r a in s .
The hemagglutinin fo r  SLE d iffe r ed  from th a t o f  WEE in  th a t i t  
reacted  with chick erythrocytes in  a much %dder pH range (Table H ) ,
S tra in  793-55 had a pH range from 6 .6  to  7 .5  and maximma hem agglutin in  
t i t e r s  were o b ta in ed  from pH 6 .7  to  7#1# A ll fo u r  mouse passages 
shown had com plete h « a a g g lu tin a tio n  a t  pH 6 .9  ^ d  7 .0 . S tra in s  660 
and 667 c o n s is te n tly  had maximum hem agglutin in  t i t e r s  a t  pH 7 .0 .
E ffe c t o f s e r ia l  mouse passages on VJES and SLB hem agglutin in  
a s  com?3f re d  to  c o m r l^ e n t- f lx a t io n  t i t e r s . Trie hem agglutin in  f o r  IJEE 
was l o s t  a f t e r  r e l a t iv e ly  few mouse passages (Table I I I ) ,  S t r a in  
521-52 s t i l l  had a  hem agglu tin in  t i t e r  o f  1*1024 a f t e r  seven mouse 
p assag es, bu t th e  hem agglutin in  f o r  th e  o th e r  fo u r  s t r a in s  was >com pletely  
l o s t  a f t e r  th e  4 th , 5 th  o r  6 th  mouse p assag es. S tra in  85 vôiich had e i ^ t y -  
e ig iit and e i ^ t y —n in e  mouse passages showed no hem agglutin in  t i t e r .
The com plem ent-fixation  t i t e r s  were n o t l o s t  th rough  seven mouse p assag es , 
b u t th e re  was a  ta id c n c y  f o r  th e  t i t e r s  to  d ec rease  a s  th e  numbers 
o f  mouse sages in c re a se d , e s p e c ia l ly  f o r  s t r a in s  661, 683, Shd 688. 
S tr a in  85 s t i l l  had a  oom pleraent-flxation t i t e r  o f  1*32 a f t e r  e ig h ty -  
n in e  mouse p assag es.
—20—
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TABLE I
pH reqiiirm ent fo r  VJSE hemagglutinin to  react with
S tra in  o f  WEE House
Passage
Wo.
T i te r  o f  hem agglutin in  a t  
in d ic a te d  pH
6 .0 6 .1 6 .2 6 .3 6 .4 6 .5
Culex t a r s a l i s 3 <8 8 256 4096 512 <8
5-21-52 U <8 8 512 2048 512 <8
5 <8 8 512 4096 1024 <8
6 <8 8 128 1024 512 <8
7 <8 8 8 1024 256 <8
Culex t a r s a l i s  
670 3 <8 8 1024 2048 512 ^ 8
Culex t a r s a l i s  
681 3 <8 256 1024 4096 1024 512
Culex t a r s a l i s
-------- W -- ----------- 3 ^ 8 123 2043 4096 2043 1024
Culex t a r s a l i s  
688 3 ^ 8 <8 1024 4096 1024 256















pH requirement fo r  SUE hemagglutinin to  react with 

















S tra in  o f SUB House
Passage
No,
T ite r  of hemagglutinin a t  in d ic a te  pH
6 ,6 6,7 6 ,8 6 ,9 7.0 7,1 7,2 7.3 7 4 7 4
Culex ta r s a l i s  
793-55
3 1024 1024 2048* 2048* 2048* 2048* 2048 2048 1024 256
4 1024 1024 2048 2048* 2048* 2048 2048 1024 1024 512
5 1024 2048* 2043* 2048* 2048* 2048 2048 2048 1024 512
6 1024 1024 2048 2048* 2048* 2048* 2048 2048 1024 1024
Culex ta r s a l i s  
^80 3 512 1024 1024 1024 512 256
4 512 512 1024 1024 512 512
5 128 256 1024 512 256 64
6 128 512 1024 1024 512 128 -
Culex ta r s a l i s
' Z/M 3 - 512 1024 2048 1024 512 25600 f
4 256 1024 2048 1024 512 128
5 512 2048 8192 4092 512 512
6 512 1024 1024 1024 1024 512
in d ica tes  2 /  reac tion  a t  th a t  pH.
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TABLE I I I
E ffect o f  s e r ia l  mouse passages on WEE heanagglutinln
t i t e r s  and on complement—fix a tio n  t i t e r s






f ix a tio n
T iter
Culex ta r s a l i s  
321-52
1024
Culex ta r s a l i s
128
12
4096 >  6iCulex t a r s a l i s
581
4096 > 64Culex t a r s a l is  
^ 8 3 256
> 644096Culex ta r s a l i s  
^ 8 0
88
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Tho heraegglu tin in  f o r  SLS was n o t l o s t  a s  ra p id ly  a s  th a t  o f  VJEB 
(T able 17) * S tra in s  667 and 680 showed no change in  hem agglutin in  
t i t e r  a f t e r  s ix  mouse p assag es . S tra in  798-55 s t i l l  had a  h l ^  hera- 
a g g lu tln ln  t i t e r  a f t e r  f i f t e e n  mouse passages and s t r a i n  2062 a f t e r  
f o r ty - th r e e  mouse passages had a  t i t e r  o f  1 :512 . The com plem ent-fixa- 
t i o n  t i t e r s  f o r  SLE showed a  s l l ^ t  tendency to  in c re a se  a s  th e  number 
o f  mouse passages in c re a se d .
R e s to ra tio n  o f V>EE hem aftrlu tin ln . T h is experim ent was s e t  up to  
determ ine i f  th e  hem agglu tin in  f o r  WEE could  be re s to re d  by one 
passage th ro u ^ i ch ick s  and m osquitoes. 0 .05 ml o f  10“^  d i lu t io n  o f  
in fe c te d  mice b ra in s  f o r  VJES s t r a in s  670* 681* 683* and 688 were 
in o c u la te d  subcutaneously  in to  f iv e -d a y -o ld  c h ic k s . Twmity-four hours 
a f t e r  th e  ch ick s  had been inocu la ted*  C. t a r s a l i s  m osquitoes were 
allow ed to  feed  on them o v e rn ig h t. The engorged m osquitoes from each 
ch ick  were removed th e  fo llow ing  morning and p laced  in  sep a ra te  
c o n ta in e rs . A fte r  th e  v iru s  t i t e r  i n  th e  m osquitoes had reached i t s  
peak (35)* which was a f t e r  4  days* th e  m osquitoes were ground tqp in  
p o rc e la in  m ortars* u s in g  m osquito d i lu e n t  (10^ normal f i l t e r e d  ra b b i t  
serum i n  s a l in e  p lu s  300 u n i t s  o f  p e n ic i l l in  and 300 micrograms o f 
s trep tom ycin  p e r m l) . 0 ,05  ml o f  t h i s  m a te r ia l  was in o c u la ted  i n t r a -  
p e r i to n e a l ly  in to  l i t t e r s  o f 4 -d ay -o ld  m ice. S e r ia l  mouse passages 
were made f o r  each s t r a in  and a n tig e n s  were p repared  from each mouse 
p assag e . The ch ick  th a t  was in o c u la ted  w ith  VJEE s t r a in  633 d ie d  b e fo re  
any m osquitoes cou ld  feed  on i t .  S tra in  681 f a i l e d  to  k i l l  mice a f t e r
i t  had been passed  through th e  ch ick  and m osquitoes.
T able V shows th a t  th e  hem agglu tin in  reap p ears  a f t e r  one passage
th rough  ch ick s and m osquitoes. S tr a in  670 had f iv e  mouse passages
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TABLE IV
E ffe c t o f  s e r i a l  mouse ps 
t i t e r s  and on comp'
IS sages on srJG hem 
.e iaen t-fix a tio n  t i
a g g lu tin in
b ers .
S tr a in  o f  SLE No* o f
mouse passages
T i te r  o f
hfflaagglutinin
Cca&plement- 
f ix a t io n  t i t e r
Culex t a r e a l i s  




Culex t a r s a l i s 3 1024 128
680 -  4 1024 256
5 1024 128
0 1024 128
Culex t a r s a l i s _____15 1024 128
793-55 16 223
Culex t a r s a l i s 42 256 256
2062 43 512 256
TABLE V
R e s to ra tio n  o f  VJEE hem agglutin in  hy one passage 
th rough  ch ick s and m osquitoes
S tr a in  o f  IŒE B efore passage through 
ch icks and m osquitoes
Follow ing one passage 











in  T i te r
Culex t a r s a l i a 3 4096 2 2048
670 . 4 , ... . 256 " 2048
5* 256 4 2048
ë 256 5 1024
. i .............................. <8 é 512
Culex t a r s a l i s 3 2048 2 1024
é83 4 256 3 1024
5 128 4 2048
<8 5 512
7 <8 6 512
*Sourco o f  v i r u s  m a te r ia l  s e le c te d  f o r  passage th r o u ^  
ch ick s and mosquitoes*
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ând a  hem agg lu tin in  t l t e r  o f  1:256 iidien i t  vas in o c u la te d  in to  th e  
ch ic k s . A fte r  one passage t h r o u ^  a  ch ick  and mosquitoes^ th e  heas- 
a g g lu t in in  t i t e r  was h igh  through th e  f i f t h  mouse passage and drop­
ped to  1:512 i n  th e  eixbh mouse passage . S t r a in  6S3 had s ix  mouse 
passages and a  hem agglutin in  t i t e r  o f  l e s s  th a n  Ô vdien i t  was i n ­
o c u la te d  in to  th e  ch ick . A fte r  one passage t h r o u ^  a eh ick  and 
m osquitoes, th e  hem agglu tin in  t i t e r  was h i ^  th rough  th e  fo u r th  
mouse passage and began to  drop in  th e  5 th  and 6 th  mouse p assag es. 
Again, th e r e  seemed to  he a  tendency f o r  t h e  hem agglutin in  t i t e r  
t o  d ec rease  a s  th e  number o f  mouse passages in c re a se d .
E ffect on storage o f  Ô u n its  o f  SUS heeia^g.lutinjn at pH 9 .0 ;
In  th e  f i r s t  HI t e s t s  perform ed f o r  SLE, H iere was a  tan d em ^  f o r  
th e  f i n a l  a n tig e n  t i t r a t i o n  c o n tro l  t o  co n ta in  from 2 to  4  u n i ts  o f  
hem agglutin in  in s te a d  o f  8  u n i t s .  An experiment was s e t  up to  
determ ine i f  th e  hem agglutin in  was u n s ta b le  in  h i ^  d i lu t io n s  a t  pH 
9 .0  (Table V I). A s tock  s o lu t io n  o f  each a n tig e n  was made up which 
C ontained 8 hem agglu tin in  u n i t s  in  0 .5  m l. Seven s e ts  o f  each a n t i ­
gen were t i t r a t e d  in  s e r i a l  tw o -fo ld  d i lu t io n  t h r o u ^  n in e  tu b e s  and 
s to re d  f o r  s p e c if ie d  tim es a t  4^ C b e fo re  th e  ch ick  e ry th ro cy te s  were 
added to  th e  a l iq u o ts  (Group A ). The rem aining stock  so lu t io n  was 
s to re d  a t  4® C and s e r i a l  tw o -fo ld  d i lu t io n s  were made ju s t  p r io r  to  
adding  th e  ch ick  e ry th ro c y te s  a t  th e  s p e c if ie d  tim es (Group B ).
Group A, which was t i t r a t e d  a t  th e  beginning o f  th e  experim ent, l o s t  
from 2 to  4  hem agglu tin in  u n i t s  over a  24-hour p e r io d , whereas Group 
B showed no lo s s  o f  hem agg lu tin in . The procedure o f  Group B was used  
in  th e  rem aining HI t e s t s  f o r  bo th  MEE and SLE.




























E ffec t o f d ilu tio n  on storage o f SLS hemaf;glirt.inln a t  pH 9*0
A -  F inal d ilu tio n s  made a t  s ta r t  of e:q>eriment and stored  fo r  specified  tim es before
chick erythrocytes were added to  aliquots*
B -  Stored in  concentrations o f Ô hemagglutinin u n its  and d ilu tio n s  made ju s t  p r io r
to  adding chick erythrocytes a t  tim es specified*
îto* o f 
Antigen
0 hrs* 1 h r* 2 hrs* 4 h rs . 8 hrs 16 hrs 24 h rs
A B A B A B A B A B A B A B
667A 512 512 512 512 512 256 512 512 256 256 256 512 256 512
66TB 1024 1024 1024 1024 1024 512 1024 1024 1024 1024 512 1024 512 1024
6670 2046 2046 2048 2048 2048 1024 2048 1024 1024 2048 1024 2048 512 2048
667D 1024 1024 1024 512 512 512 1024 1024 1024 1024 512 512 512 1024
éaOA 1024 1024 1024 1024 1024 512 512 512 1024 1024 512 1024 256 1024
6SCB 1024 1024 1024 1024 1024 1024 1024 1024 512 1024 512 1024 512 1024
-caô-
E ffe c t  o f ace tone  and B en ton ite  in  removlnR in h ib i to r s  o f  WRR 
hem arj^ lu tinatlon  in  normal hianan and anim al s e ra .  I t  was 
d e s ire d  i n  t h i s  experim ent to  determ ine how th e  I n h ib i to r s  o f  normal 
s e ra  eou ld  be removed* Sera from humarui, ch ick en s , h o rse s , r a b b i t s ,  
and gu inea p ig s  were t e s t e d .  Each specimen was d iv id ed  in to  th re e  
a liq u o ts*  One a l iq u o t  was n o t t r e a te d ,  one was t r e a te d  w ith B en ton ite  
(32) and th e  o th e r  was p r e c ip i ta te d  tw ice  w ith  acetone* These were 
th e n  t i t r a t e d  from 1*5 to  1*1280 In  an tigen-serum  d ilu e n t  a t  pH 9 .0 . 
0 ,25  ml o f  an tig e n  co n ta in in g  16 u n i t s  o f  hem agglutin in  was added to  
each tu b e  and allow ed to  s tand  overn igh t a t  4^ C. Then 0*5 ml o f  
0*25# fre ïû iîy  p rep ared  ch ick  e r y th r o ^ t e  c e l l  suspension  was added 
and th e  tu b e s  were p laced  in  th e  37^ C w ater b a th  f o r  1 hour*
The normal human se ra  th a t  were u n tre a te d  had an average 
in h ib i to r y  t i t e r  o f  1*10 f o r  IVEE and an in h ib i to ry  t i t e r  o f  g re a te r  
th a n  1*1280 f o r  SEE (T able V II ) , B en to n ite  trea tm en t in c reased  th e  
in h ib i t io n  f o r  >EE from 2 -  t o  4 -fo M  in  seven o f th e  specimens and 
caused no change in  th e  o th e r  th r e e  specimens* The in h ib i to ry  t i t e r  
f o r  SLE was s l i g h t ly  low ered by th e  B en ton ite  trea tm ent*  The ace to n e - 
t r e a te d  s e ra  showed no in h ib i t io n  a t  a  d i lu t io n  o f  1*5 f o r  both  WEE 
and SLE in  a l l  th e  sera*
The ch icken , r a b b i t ,  and guinea p ig  s e ra  showed no in h ib i t io n  
in  th e  u n tre a te d  s e ra ,  B w iton ite  t r e a te d  s e r a ,  and th e  acetone t r e a te d  
s e ra  f o r  WEE (T able V III)*  The in h ib i to ry  t i t e r  f o r  SLE in  th e  u n tr e a t­
ed ch icken  se ra  was from 1:640 to  1*1280, The B en ton ite  trea tm en t 
low ered th e s e  v a lu es  frcm  2 -  to  4 - fo ld ,  id iereaa th e  acetone trea tm en t 
low ered th e  in h ib i to r y  t i t e r s  to  l e s s  th a n  1:5* The normal r a b b i t
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TABLE VII
E ffe c t  o f  Acetone and B en ton ite  in  removing in h lb l to ra  
o f  WEE and SEE hem agg lu tina tion  in  normal human sera*
Serum 
Lot No.**
Treatm ent In h ib ito ry r i te r ^
o f  Serum WEB SLE
1 None 10 >1280
B en ton ite i2ëo
Acetone < 5
2 None 5 >1280
B en to n ite .....  5 ............... 1280
Acetone < 3 < 5 _______
3 None 5 >1280
B en ton ite 20 >1280
Acetone ...< 5  ...... ......... . .......^ 3 ....
4 None 10 >1280
B en ton ite 20 >1280
Acetone < $ < 5
5 None 10 >1280
B en to n ite 20 >1280
Acetone < 5
6 None 20 >1280
B en ton ite 40 1280
Acetone <5 < 5
7 None 10 >1280
B en ton ite 10 Ï2ëo
Acetone < 5' ' ' ......
8 None 10 >1280
B en to n ite 10 1280
Acetone < 5 < 5
9 None 10 >1280
B eaitonite 20 1280
Acetone < 5 < 3 _______
10 None 10 >1280
B en to n ite 20 >1280
Acetone < 5 <5
*  H ighest d i lu t io n  iwhich produced com plete in h ib i t io n  o f  8 u n i t s  o f 
hemagglut in in .
‘tH^Eaeh l o t  co n ta in ed  a poo l o f  f iv e  human specimens#
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table m i
E ffe c t  o f  acetone and B en to n ite  in  removing in h ib i to r s  
o f  V/EE and SLE hem agg lu tina tion  in  normal chicken^ h o rse , 
r a b b i t ,  and guinea p ig  s e ra .
Type o f Lot Treatm ent In h ib ito ry t i t e r ^
Serum Ho. o f  serum SLE
Chicken 1 None <5 1280
B en ton ite <5 ' 32Ù
Acetone <5
2 Non© ....< l  -......... 6A0
B en ton ite 320
Acetone ....... <5................ < i
3 None -....  <3 .....-.... 640
B en ton ite . . 320
Acetone <5
4 None <5 640
B en ton ite .......< 3 ..........-... 160
Acetone <:3 <5
5 _ None. ._.... ....... . ............. . 640
B enton ite <5 320
Acetone <5 .............. ......... - <5..... .
Horse 1 None 10 1280
B en ton ite 10 640
Acetone <5 <3
4 None 5 - 320____
B en to n ite <5 20
Acetone < 3  . _ <5
5 None 20 640* B enton ite 10 160
Acetone < 3
R abbit 1 None <5 >1280
B en ton ite <5 80
Acetone <5 <5
Guinea p ig 1 None ^ 5 640
B en ton ite 32Ù
Acetone <5 <3
h i g h e s t  d i lu t io n  Wiich produced com plete In h ib i t io n  o f  Ô u n i ts  o f  
hem agg lu tin in .
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searum had an  in h ib i to ry  t i t e r  f o r  SLE o f  g re a te r  th an  1*1280 vàiich 
v&a low ered t o  1*80 by B en to n ite  and to  l e s s  th an  1*5 by acetone .
There was an in h ib i to r y  t i t e r  f o r  SLE o f 1*640 in  th e  norroal guinea 
p ig  s e ra  which was decreased  to  1*320 T%r B en ton ite  and to  l e s s  th a n  
1*5 by ace to n e . The average in h ib i to ry  t i t e r  f o r  normal h o rse  se ra  
was 1*10 f o r  WEE and 1*746 f o r  SZ£, B en ton ite  decreased  t h i s  v a lu e  
s l i g h t ly  f o r  WEE and from 2— to  1 6 -fo ld  f o r  SLE# vdiereas acetone 
low ered th e  t i t e r  t o  l e s s  th a n  1*5 f o r  bo th  VJEE and SLE,
Removal o f n o n sp e c if ic  hem agfclutination and f a l s e  p o s i t iv e  in ­
h ib i t i o n ,  A n o n sp ec ific  hem agglu tination  i s  th e  a g g lu tin a tio n  o f 
ch ick  e ry th ro < ^ e s  by a  serum in  th e  absence o f hem agglutin in , A 
f a l s e  p o s i t iv e  in h ib i t io n  i s  th e  in h ib i t io n  o f  a g g lu tin a tio n  by a  
serum lA ich  shows no n e u t r a l iz a t io n  o f th e  v i r u s .  Twelve human se ra  
t h a t  were p r e c ip i ta te d  tw ice  w ith  acetone  showed n o n sp e c if ic  agglu­
t i n a t io n  f o r  bo th  WEB and SLE, The n o n sp ec if ic  e f f e c t s  were elim ­
in a te d  in  11 o f  th e s e  by p r e c ip i ta t in g  th e  se ra  th re e  tim es w ith  
a c e to n e . The tw e lf th  serum hemolyzed th e  c e l l s .  F a lse  p o s i t iv e  
I n h ib i t io n s  shown by f iv e  s e ra  were e lim in a ted  a f t e r  p r e c ip i ta t in g  
th e  se ra  th r e e  tim es  w ith  ac e to n e . None o f  th e  se ra  te s te d  a g a in s t 
WEE v iru s  showed f a l s e  p o s i t iv e  in h ib i t io n .  The p r e c ip i ta t io n  o f  
th e  se ra  th re e  tim es w ith  acetone  was used in  th e  rem aining t e s t s .  
In flu en ce  o f  tim e o f co n tac t between an tig en  and serum on 
an tibody  t i t e r s  f o r  .JEE and ST.E. Twenty-one human specimens th a t  
were p o s i t iv e  f o r  VJES and f iv e  th a t  were p o s i t iv e  f o r  SLE in  th e  
n e u t r a l iz a t io n  t e s t  were t e s te d  by th e  HI t e s t  t o  determ ine th e  e f f e c t  
o f  o v e rn ig h t co n ta c t between th e  a n tig e n  and serum on an tibody  t i t e r s  
(T ab le  DC). The serum was s e r i a l l y  t i t r a t e d  and t e s te d  a t  c o n c e n tra tio n s
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TABUS IX
Influence o f tim e o f contact betwecm antigen and 
serum on antibody t i t e r s  with acetone-treated
Specimen
No*
HI T ite r  |
Immediate c 
R .B .C .*s af
an tig e n  and
o n ta c t o f 
“t e r  mixing 
serum
O v em i^ it co n tac t 
a t  4° C
m -  -
WEE SLE WEB SLE
10 <10 40 <10
hOOé 80 <10 1280 <10
- -  20 < in 320
3943 20 <10 320 <10
3^13 10 <10 ................320 <16
3925 20 <10 640 <10
273? 10 <10 20 <10
3 m 80 <10 1280 <10
3777_____ 20 <10 320 <10
3V03 20 <10 320 <10
3323 10 <10 160 <10
_.3ôô5 20 <10 - _320.. <10
3822 20 <10 320 <10
381^ 60 <10 320 <10
3847 40 <10 640 <10
3820 10 <10 20 <10
4007 160 <10 1230 <10
3560 20 <10 640 <16
3624 320 <10 2560 <10
3686 40 <10 320 <10
3626 40 <10 320 <10
3^55 <10 40 10 640
<10 320 10 2560
3358 <10 <10 10 <10
3999 <10 20 10 160
3857 <10 10 10 80
3878 <10 20 10 640
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frcaa I t lO  to  1*3120, 0 .23  ml o f  an tig en  co n ta in in g  16 h « aag g lu tln in
tm l ts  was added to  each tu b e . The ch ick  e ry th ro c y te s  were added to  
one s e t  im m ediately a f t e r  th e  hem agglutin in  was added and th e  o th e r  
s e t  o f  sercaa d i lu t io n s  was s to re d  overn igh t a t  4® C b efo re  a d d itio n  o f  
th e  ch ick  e iy th ro c y te s . O v e m i^ t  c o h tà c t between th e  an tig en  and 
e e rm  In creased  th e  an tibody  t i t e r  from 2 -  to  64-*fold f o r  and from 
Ô- t o  3 2 -fo ld  f o r  SLE.
Comparison o f  th e  HI t e s t  w ith  th e  n e u t r a l i s a t io n  and comnlament- 
f i a a t lo n  t e s t s  a s  a d ia g n o s tic  t o o l .  The acu te  and convalescen t sp e c i­
mens from 12 p a t ie n ts  w ith  a  d ia g n o s is  o f  th e  n e u t r a l is a t io n
and com plem ent-fixatlon  t e s t s  were supp lied  th e  V irology Department 
o f  th e  Rooky M ountain L abora to ry . T e s ts  on th e s e  se ra  a f t e r  ace tone  
p r e c ip i ta t io n  re v ea led  a  h igh  t i t e r  o f  HI a n tib o d ie s  du ring  conval­
escence f o r  ftl-1 12 p a t ie n ts  (Table I ) .  The range o f  In h ib it io n  was 
from 1*320 to  1*2580. Nine o f  th e  12 p a t ie n ts  developed a  4 -  t o  64- 
f o ld  In c rease  In  t i t e r  o f  HI a n tib o d ie s  du rin g  convalescence, td ii le  
3 p a t ie n ts  developed only  a  2 - fo ld  In c re a s e . E leven o f  th e  12 p a t ie n ts  
developed a  s ig n i f ic a n t  in c re a se  o f  CF an tib o d ie s  du ring  convalescence, 
w hile  1 p a t ie n t  (J .W .) showed no in c re a s e . S ig n if ic a n t n e u t r a l is in g  
a n tib o d ie s  were developed d u rin g  convalescence In  11 o f  th e  12 p a t ie n ts .  
P a t ie n t  S,M. f a i l e d  to  show a s ig n i f ic a n t  r i s e  o f  n e u tra l iz in g  a n t i ­
b o d ie s , b u t a l l  th re e  specimens were bad ly  hemolyzed.
E leven o f  th e  12 p a t ie n ts  showed a  s ig n i f ic a n t  t i t e r  o f  HI 
a n tib o d ie s  du ring  th e  ac u te  s tag e  o f  In fe c t io n , a s  e a r ly  a s  3 days 
a f t e r  o n s e t , vdiereas only  1 p a t ie n t  (E*P.) showed a  s ig n i f ic a n t  CF 
an tib o d y  t i t e r  du rin g  th e  acu te  s ta g e  o f  i l l n e s s .  E l ^ t  o f  th e  12
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table X
H ém ag g lu tin a tio n -in h ib itio n  a n tib o d ie s  f o r  WEE and SLS v iru se s  
In  p a t ie n ts  w ith  e n c e i)h a lit is  compared to  n e u t ra l iz a t io n  and 
com plém ent-fixation  a n tib o d ie s .
Type o f  v i r a l  
in f e c t io n  by 
n e u tx ^ liz a -  
t i o n  t e s t
P a tie n t Days
a f te z
onset
N eu tra l­
iz a t io n  
t i t e r  f o r  
homologous
CF t i t e r  
f o r  hom­
ologous 
v iru s
H em agglutlnation- 
in h ib l t io n  t i t e r
v iru s WEE SLE
W estern equine S.M. - ......  5 2140 <8 40 <10
(WEE) 25 2700 ...... 32 1280 <10
. 50 213 16 320 <10
D.H. 7 158 4 320 <10
24 390 32 640 <10
E ,P . 5 12 8 20 <10
24 11.000 64 1280 <10
W.F. 4 <10 <8 10 <10
8 - - 52 <8 " 320 <10
. _ 32 71.000 16 640 <10
W.P. < 28 562 <8 160 <10
28 2580 64 320 <10
N.L. <24 22 <8 160 <10
...... 24 -  j4 0 64 320 <10
8.L . <26 40 <8 160 <10
26 178 16 640 <10
A.P. 8 84 <8 40 <10
42 340 32 1280 <10
Y.A. 8 42 <8 320 <10
23 10.740 128 2560 <10
P.N. ____ 3_. <10 <8 80 <10
23 2700 8 1280 <10
J.W. 3 186 <8 40 <10
120 5130 <8 320 <10
H.B. 5 , 158 <8 320 <10
é 46.800 <8 2560 <10
13 224,000 12 2560 <10
S t .  Louis B.B. 31 378 . _ 32 <10 640
(SLE) _ 39 39.660 .......... >128 <10 2560
R .F. 10 54 16 <10 <10
_ _ 30 832 i 6 <10 160
S .S . 32 166 8 <10 80
>32 15,780 ^ 4 <10 640
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p a tie n ts  showed s ig n if ic a n t  n eu tra liz in g  an tibod ies during th e acute  
stage  o f  in fection *
Paired acute and convalescent sera o f three p a tien ts  with a 
d iagn osis  o f  SIE by the n eu tra liza tion  and complernent-fixation t e s t s  
d®3ionstrated a 4 -  to  3 2 -fo ld  increase in  t i t e r  o f HI antibodies during 
convalescence* Two paired specimens showed an increase in  antibody  
t i t e r  fo r  complement f ix a t io n  and three p a tien ts  showed an increase  
in  n eu tra liz in g  antibodies*
Figure 1 i l lu s t r a t e s  th a t th e r is e  in  HI antibodies i s  more 
rapid than th e r is e  in  GF antibodies* A s ig n if ic a n t  quantity o f  HI 
an tib od ies fo r  the ;.ES v iru s was present during the f i r s t  week a fte r  
onset o f i l l n e s s ,  %tureas s ig n if ic a n t  q u a n titie s  o f CP antibod ies were 
not present u n t il  about th e  12th day a fter  onset* The peak o f a n ti­
body t i t e r  was reached about th e 25th day a f te r  onset in  both th e hem- 
a g g lu tin a tio n -in h ib itio n  t e s t  and th e ecanplement-fixation te s t*  HI 
antibod ies seem to  p e r s is t  longer than CF a n tib o d ies , but th  re  i s  
in s u ff ic ie n t  evidence to  support t h is  theory* A sim ilar graph was 
constructed fo r  n eu tra liz in g  an tib od ies, but th e  r e su lts  were too  
irregu lar to  determine a Curve (Figure 2 ) .  There were not enough 
data to  dem m strate a curve fo r  SIS an tib od ies but, from the th ree  
paired specimens te s te d , i t  seemed th a t th e  r i s e  in  antibody t i t e r  
was slower than that fo r  1ÂEE*
Gomnarison o f  th e  HI t e s t  with the n eu tra liza tio n  and complément— 
f ix a t io n  t e s t s  fo r  ep idem iological s tu d ie s* The specimens th a t were 
used in  t h i s  s t  .idy were kindly supplied by Mi; s Edith Kuhns, D irector , 
B acterio logy  Laboratory o f  the Montana S ta te  Board o f  Health; C, Pat































RELATIONSHIP BETWEEN COMPLEMENT-FIXATION AND HEMAGGLUTINATION- 
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AFTER ONSET
S te e le ,  D ire c to r , P u b lic  H ealth  L aboratory  in  Bismarck, North Dakota; 
M elvin E. Koons, C hief o f  L aboratory  S erv ices  in  Gz*and Forks, North 
Dakota} and D r, E. F, S e s te ro , D ire c to r , Boise Regional Blood C en ter, 
B o ise , Idaho. T es ts  were perform ed on 60? human se ra  f o r  tVEE a n t i ­
b o d ies  and Ô63 f o r  SLE a n tib o d ie s .
Â. W estern Equine Ence i i a l i t i s .
The se ra  from Montana, Grand Forks, and Bismarck, North Dakota, 
rev e a le d  th a t  10 p er c e n t, 17 ,2  p er c e n t, and 19 p e r  c e n t, re sp e c t­
iv e ly ,  showed n e u t r a l iz a t io n  o f  th e  WEE v iru s  vdiereas 7*5 p e r  c e n t,
14.8 p e r  em it, and 15 ,1  p e r c e n t, r e s p e c tiv e ly , showed HI an tib o d ie s  
(T ab le  X I).
The HI t e s t  d e te c te d  41 p er cen t o f  th o se  se ra  having n e u tra l­
iz in g  an tibody  t i t e r s  from 50 IDjq  to  190 L D ^. The in h ib i t io n  range 
was from I t 5 to  I t 20 f o r  7 specimens wh:lle one specimen had an 
in h ib i t io n  o f  1:128 and 10 specimens wore n eg a tiv e  (T able X II-A ),
In  th e  n e u t r a l iz a t io n  range from 220 LDjq  to  475 th e  hemagglu-
t in a t lo n - in h ib i t io n  t e s t  d e te c te d  85 p e r  cen t o f  th e  specimens p o s i t iv e  
in  th e  n e u t r a l iz a t io n  te s t*  The in h ib i t io n  range fo r  t h i s  group was 
1 :5  to  1 :64  f o r  11 specimens and only  2 specimens were n eg a tiv e  in  
th e  HI t e s t .  In  th e  n e u t ra l iz a t io n  range from 500 LD^q to  980 LDgg 
(T able X H -B ), th e  in h ib i t io n  range was from 1 :5  to  1:128 and 89 p e r 
cen t o f  th e  specimens showing n e u t r a l iz a t io n  had an tib o d ie s  in  th e  HI 
t e s t .  Only 2 specimens ou t o f  IS  were n eg a tiv e  f o r  th e  HI t e s t  i n  
t h i s  g roup . In  th e  n e u t r a l iz a t io n  range frcaa 1000 LD^q to  10,000 LDjq  
(Ta b le  X II-C ), a n tib o d ie s  f o r  th e  HI t e s t  were d e te c te d  in  93 p e r  cen t
o f  th e  specimens and th e  in h ib i to iy  range was from 1 :5  to  1 :512 ,
Three o f  th e  specimens showed no in h ib i t io n  a t  1 :8  and 1 :1 0 , bu t th e re












































te s te d
No. and percentage n eu tra liz in g  
th e  v iru s of
No. and percentage in h ib itin g  heasoag* 
g lu tin a tio n  of th e  v iru s  o f
WEB SLE SLE
No. No. No. ....... %...... No.
Montana 199 20 10.0 5 2.6 15 7.5 2* 1 .0
Grand Forks, 
North D ^ t a 203 35 17.2 4 2.0 30 34.Ô 3 1.5
Bismarck, 
North Wmta 205 40 19.0 4 2 .0 31 15.1 2 1.0
Boise,
Idaho 250 m 65 26 m 43 17
*1 specimen showed In h ib itio n  of hemagglutination but no n eu tra liza tio n .
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TABLE XII
Conçïarison o f h em ag g lu tin a tio n -in h lb itio n  
t i t e r e  w ith  n e u t r a l iz a t io n  t i t e r s  f o r  WEE
A. Range 50 I D ^  to  500 I D ^
Specimen
No.
N e u tra liz a tio n  
t i t e r  (LD50)
H em agglutination- 
in h ib i t io n  t i t e r
Percentage 
d e tec ted  HI
N.D. 93a 50 5
N.D. ' 60 60
l lo n t . 70 C5
Mont. 5 b _ 100 <5
N.D. 125b 120 12ë ..........
Mont. 96 120 .....-...........  5
N.D. 8Sb i 2$ < 5
Mont. l ÿ 130 ________< 5 ................
N.D. 19^a 130 8
N.D. 152a 140
N.D. U b 150 5
N.D. 15b 150 < 5
N.D. 8b 160 ..............  < 5 ..............
N.D. 12b 160 <5
N.D. 17Sb 180 <5
N.D. 108b 190 10
Mont. 112 190 <5 41^
N.D. lOLb 220 _______ ^
N.D. 128b _______ 250 _ _ ____ 64
N.D. 120a 250 5
N.D. 71a 270 < 5
N.D. 42b 270 ........ -........ 5.................
N.D. 197a 350 5
Mont. 170 370
Mont. 171 370
N.D. 73a 415 8
Mont. 172 450 5
M.Ù. ' — 28b 4 7 5 ______ 5
M.b. Ï l 8a k i r 5
W.D. 190a w ii <8 85^
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TABLE X II (oontinued)
B, Bange 500 U>^q to  1000 ID^q
Specimen
No.
N e u tra l is a t io n  
t i t e r  (XD^q)
Hémagglutination- 
in h ib i t io n  t i t e r
Percen tage 
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TABLB X II (continued)
Specimen No. N e u tra liz a tio n  
t i t e r  (LDjq )
Hemagglut in a tio n -  
in h ib i t io n  t i t e r
Perc% itage 
d e tec ted  by HI
Mont. - 75 1000 20
Mont. - -... 58 1050 10
N.D. 343a 1050 <10
N.D. 66b 1120 10
N.D. 29b 1150 5
N.D. 65a 1170 16
N.D. lŸ4a 1170 32
N.D. 200b 1290 64
Mont. 93 1290 80
N.D. 156a 1500 < 8
N.D. 10b 1500 5
Mont. __ _ 144 1550 40
N.D. . 84a 1550 ______ 32____  ...
N.D. l a 1650 20
N.D. 135a 1650 32
N .b. 30b 1660 20
'M.b. 37b 1660 40
k o n t. 23b 1780 20
M’ont* 66 1730 128
N.D. 98b 2190 80
N.D. 51b 2290 20
N.D. 4  a 2330 ................ 8
N.D. 46a .... 2330 16
N.D. 136a  _ 2330 16
N.D. 194a 2330 é
Mont. 59 2390 •^80
Mont. 4a 2690 40
N.D. 58b 2760 512 ..........
N.D. 156b 2880 512
N.D. 155a 3000 _ . _ <8
N.D. 137b 3620 20
N.D. 144b 3620 64
N.D. 2a 4150 ,5
N.D. 17a 4150 64
N.D. 25a 4150 16
N.D. 26a 4150 16
N.D. 106a U 50 8
Mont. 38 4280 5
N.D. 47b 4760 . . 5 ......
N.D. 133b 4990 128
N.D. 2b - - - - 5130 _ 128
N.D. 148a 5860 8
N.D. 16a - 9480 8
93^... .........N.D. 29a 10440 128
T o ta l  No. 
p o s i t iv e s 92 75 81.5iS
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were in s u f f ic ie n t  s e ra  to  t e s t  them a t  a  1*5 d i lu t io n ,  A t o t a l  o f  
92 specimens showed n e u tra l iz in g  an tib o d ie s  whereas 75 specimens 
had a n tib o d ie s  in  th e  HI t e s t  o r  81 ,5  p e r  cen t o f  th e  t o t a l  pos­
i t i v e  specimens had HI a n tib o d ie s .
The same specimens were g ra p h ic a lly  I l l u s t r a t e d  to  determ ine 
th e  r e la t io n s h ip  between th e  h e m a g g lu tin a tio n -in h ib ltio n  and th e  
n e u t r a l iz a t io n  a n tib o d ie s , bu t th e  r e s u l t s  were to o  i r r e g u la r  to  
dem onstra te  a  cu rve  (F ig u re  3)* In  g en e ra l, a s  th e  n e u tra l iz a t io n  
t i t e r s  i n c r e a s e ,  few er n e g a tiv e  specimens and h ig h e r  an tibody  t i t e r s  
were o b ta in ed  in  th e  h e m a g g lu tin a tio n -in h ib itio n  t e s t ,
T h i r t y - e i ^ t  o f  th e  specimezui th a t  were p o s i t iv e  f o r  both  th e  
n e u t r a l iz a t io n  and h a a a g g lu tin a t io n - in h ib it io n  t e s t s  were te s te d  hy 
th e  com plem ent-fixation  t e s t .  Only 26 ,3  p e r  cen t were found to  be 
p o s i t iv e  i n  com plm aent-fixation  t e s t  (Table X I I I ) ,
6 ,  S t ,  L ouis E n c e p h a li t is ,
The se ra  from Montana, Grand F o rk s , Bismarck, and Idaho rev ea led  
th a t  2 ,6  p e r  c e n t,  2 ,0  p e r  em it, 2*0 p e r c e n t ,  and 26 p e r  em it, 
r e s p e c tiv e ly , showed n e u tra l iz in g  a n tib o d ie s  f o r  th e  SLE v iru s ,  whereas
1 .0  p e r  c e n t,  1 ,5  p e r  c e n t,  1 ,0  p e r  c e n t ,  and 17 p e r c e n t,  re sp e c t­
iv e ly ,  showed HI a n tib o d ie s  (Table X I) ,
The HI t e s t  d e te c te d  55,5 p e r cen t o f  th o se  s e ra  having n e u tra l­
iz in g  an tibody  t i t e r s  from 50 LD^q 420 LD^q (Table XI7—A ), The 
in h ib i t io n  range was from 1»5 to  1 :64  f o r  f i f t e e n  specimens and tw elve  
specimens were n e g a tiv e . In  th e  n e u t r a l iz a t io n  range from 545 UD50 
t o  960 LD50 th e  h e m a g g lu tin a tio n -in h ib itio n  t e s t  d e te c te d  76 p e r  cen t 
o f  th e  specimens p o s i t iv e  in  th e  n e u t r a l iz a t io n  t e s t  (Table XIV-B),

























































NEUTRALIZATION TITERS EXPRESSED IN LOG |q
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TABLE X III
Comparison o f  com plam ont-fijcation t i t e r s  w ith  33 
specimens from an epidemic a rea  th a t  were p o s i t iv e  
f o r  n e u t r a l is a t io n  and h em a g g lu tin a tio n -in h ib itio n  
f o r  WEB.
Specimen
No.
N e u tra l is a t io n  
T i te r  (LDjq )
H em agglutination- 
in h ib i t io n  t i t e r
C<mplement-
f ix a t io n
t i t e r
P e rc o i t -
age
d e tec ted  
by CF
1 1290 80 32
2 2760 512 8
3 910 80 8
4 4990 128 8
5 3620 64 12
6 2830 512 32
7 10/^40 128 8
8 530 8 8
9 70 5 8
10 1660 32 8
11-38 50-7000 8-512
T o ta l  n o .
o f  p o s i t iv e s  38 38 10 26.3
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TABUS XIV
Comparison o f  hem agglu tination—in h ib i t io n  
t i t e r s  w ith  n e u t r a l i s a t io n  t i t e r s  f o r  SLE
A, Range 50 LDjq  to  500
Specimen No. N eu tra l­
i s a t io n
t i t e r
(%^5o)
H em agglutination- 
in h ib i t io n  t i t e r
Percentage 
d e te c te d  by HI
Idaho 261 50 32
Idaho 3hk 50 < 8
Idaho 276 55 10
Idaho 293 ......................55 < 8
Idaho 252 60 < 8
Idaho 287 60 < 8
N.D. 106 60 10
Idaho 298 ...................  65 .. . 16
Mont, lUé 70 <10
N.D. 88a 80 < 8
Idaho 233 80 3
N.D. 10b 100 10
N.D. 66a 120 8
Idaho 398 m é
Idaho ...- ................§ ..............
W.D. ................. Ü 0 < é
k o n t. 145^ < i ô
Idaho 254 145 64
Idaho 447 180 < 8
Idaho 407 190 < Ô
N.D. 79a 220 < 8
Idaho 401 220 ................ 5 ..............
Mont, 32 -  235 < 1 0
Idaho 394 235 5.............
Idaho 307 260 16
Mont. _ 24a 315 10
Idaho 398 420 16 55.5
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table XI7 (con tinued)
B. Range 500 W^q to  1000 LDgg
Specimen No. N eu tra l­
iz a t io n
t i t e r
(1*050)
H em agglutination- 
in h ib i t io n  t i t e r
Percentage 
d e te c te d  by HI
Idaho 454 545 8
Idaho 391 550 64
Idaho 309 590 16
Idaho 375 590 16
Idaho 429 630 < 8
Idaho 353 660 16
Idaho 370 660 8
Idaho 311 760 < 8
Idaho 430 795 < 8
Idaho 463 795 < 8
Idaho 241 815 16
Idaho 322 815 8
Idaho 335 835 8
Idaho 439 955 256
Idaho 371 960 8
Idaho 483 960 5 76
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TABLE XIV (con tinued)
C. Range 1000 ID^q to  12,000 LD^q
Specimen No, N eu tra l­
iz a t io n
t i t e r
(LD50)
Honagglut ina t  io n -  
in h ib i t io n  t i t e r
Percentage 
d e tec ted  by HI
Idaho 256 . 1000 <8
Idaho -332 1050 16
Idaho 256 1100 <8
Idaho 244 1200 <3
Idaho 493 . 1230 <8
Idaho 286 1320 - . .....................5
Idaho 432 1320 8
Idaho 490 1320 8
Idaho 269 1340 5
Idaho 416 1410 <8
Idaho 449 1410 <&
N.D. 23b 1440 20
Idaho 428 1665 8
Idaho 462 1665 . .. - ....... 32............................. ....
Idaho 4 3 1 ____ l i ë o <8
Idaho 278 1825 32
Idaho 289 1825 5
Idaho 467 , 2000 8
Idaho 426 ^ 2360 8
Idaho 440 2360 16
Idaho 436 2510 <8
Idaho 239 2580 8
Idaho 357 _ 2960 à
Idaho 248 3400 16
Idaho 486 3560 <8
Idaho 329 ..... 432^ 5
Idaho 46d 470 <8
Mont* 111 5620 .......... - - - - - M
N.D. 78a 6720 16
Idaho 231 73é0 16
Idaho 413 8
Idaho 464 7440 8
Idaho 480 10*000 ^8
65Idaho 434 12.000 <8
T o ta l No* 
p o s i t iv e s
o f
78 50 64
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The in h ib i t io n  range fo r  t h i s  group was 1*5 to  1*256 fo r  13 specimens 
and 4  specimens wer- n eg a tiv e  in  th e  HI t e s t .  The hem agglutination— 
in h ib i t io n  t e s t  d e te c te d  on ly  65 percen t o f  th o se  se ra  having n e u tra l­
iz in g  an tib o d y  t i t e r s  from 1000 to  12,000 LD^q (Table X lV -e).
Twenty-two out o f  34 specimens were p o s it iv e  in  th e  HI t e s t .  Two o f 
th e  specimens having n e u tra l iz in g  an tibody  t i t e r s  o f  10,000 UD^g and
12,000 IDgg were no t d e te c te d  in  th e  HI t e s t ,  A t o t a l  o f 7Ô specimens 
showed n e u t ra l iz in g  a n tib o d ie s  whereas 50 specimens had a n tib o d ie s  in  
th e  HI t e s t  o r  64 p e r can t o f  th e  t o t a l  p o s i t iv e  had HI a n tib o d ie s .
The same specimens a re  g ra p h ic a lly  i l l u s t r a t e d  in  F igu re  4 . The r e s u l t s  
were to o  i r r e g u la r  to  dem onstrate any r e la t io n s h ip  between th e  HI and 
th e  n e u tra l iz in g  a n tib o d ie s ,
T h i r t y - e i ^ t  o f  th e  specimens th a t  were p o s i t iv e  in  both th e  
n e u t r a l iz a t io n  and hemagglut In a t io n —in h ib i t  ion  t e s t s  were te s te d  fo r  
CF a n t ib o d ie s .  None o f  th e s e  specimens were p o s i t iv e  in  th e  complement- 
f ix a t io n  t e s t .
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C hapter I I I  
D iscussion; and Conclusiona
Simple hem agglu tination  and hem agglutination—in h ib i t io n  t e s t s  
were dem onstrated to  be p o ss ib le  ccMabining C asal*s an tig en  p re­
p a ra t io n  and d ilu e n t system (32) >iith Sabin* s acetone p re c ip i ta t io n  
o f  th e  s e ra  (2 6 ). T h is t e s t  was a s  s e n s i t iv e  a s  th e  n e u tra l iz a t io n  
t e s t  and more s a a s i t lv e  th an  th e  co m p lm en t-f ix a tio n  t e s t  f o r  demon­
s t r a t i n g  a  r i s e  in  an tibody  t i t e r  between p a ired  acu te  and oonvales— 
c«fit specimens f o r  p a t ie n ts  in fe c te d  w ith  kiEE and SLE v i r u s .  The 
h e m a g g lu tin a tio n -in h ib itlo n  t e s t  was shown to  be a  v a lu ab le  to o l  f o r  
sc re en in g  serum specimens from an endm ic  a re a  f o r  bo th  iJEE and SLE 
an tib o d ies^  whereas th e  Cam plem ent-fixation t e s t  was o f no v a lu e .
S ev e ra l te c h n ic s  in  th e  t e s t  were m odified independently  b e fo re  
th e  l a t e s t  te c h n ic s  o f Casai» s were rec e iv e d . I t  was found th a t  
2-  t o  1 6 -fo ld  h ig h e r hem agglu tin in  t i t e r s  could  be ob ta ined  by allow ­
in g  th e  e x tra c te d  b ra in  re s id u e  to  s tan d  overn igh t in  0. 9̂  s a l in e  
b e fo re  c e n tr ifu g in g  a t  9000 g . f o r  one h o u r. T ests  f o r  SLE were 
C arried  a t  37° C in s te a d  o f  4° C. The hem agglu tin in  t i t e r s  f o r  SIE 
were h i ^ e p  vhen in cu b a ted  a t  4*̂  C, b u t few er n o n sp e c if ic  serum 
a g g lu tin a tio n s  were found a t  37^ C in  th e  HI t e s t .  Also* th e  tim e -  
consuming te c h n ic  o f  u s in g  an  i c e  b a th  except f o r  s to r in g  d i lu te d  
a n tig e n s  was d isca rd ed  because i t  was found th a t  8 u n i ts  o f  hemagglu­
t i n i n  were s ta b le  f o r  tw w ity -fo u r hours a t  pH 9 .0  i n  th e  4^ C co ld  
room.
The pH requirem ents f o r  th e  hem agglu tin ins o f SLE end VJEE v iru s e s  
t o  r e a c t  w ith  ch ick  e ry th ro cy te s  d i f f e r e d  s l i ^ t l y  from th o se  o b ta in ed
-5 1 -
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by C asai (32) and Sabin (24 , 2 6 ) . D uring t h i s  eoqjeriment a  so lu t io n  
a t  pH 7*0 was checked on fo u r  d i f f e r e n t  pH m eters th a t  were standard— 
la e d  a t  7 .0  and was found to  vary  from pH 6.6 t o  7 .1 . T h is may be 
one p o s s ib le  ex p lan a tio n  as  to  th e  d iffe ren ce*
The hem agglu tin in  was l o s t  a f t e r  s ix  s e r i a l  mouse passages in  
fo u r  s t r a in s  o f  WEE v i r u s .  Whether th e  e i s  a substm ice p re sen t th a t  
in a c t iv a te s  th e  h « aa g g lu tin in  o r  id ie th e r th e re  i s  a change in  th e  
v i r u s  p a r t i c l e  w hile  being  adapted  to  mice w i l l  have to  be determ ined 
in  l a t e r  experim en ts. The hem agglutin in  was recovered  in  two WEB 
v ir u s  s t r a in s  a f t e r  one passage t h r o u ^  ch ick s and m osquitoes. There 
was no hem agglu tin in  p re se n t in  MEB s t r a in  85 a f t e r  e ig h ty -e ig h t mouse 
p assag es , b u t a f t e r  i t  was passed  fo rty -tw o  tim es in  te n -d a y -o ld  chick  
embryos, th e re  was a hem agglu tin in  t i t e r  o f  1*1024 in  th e  a l la n to ic  
f l u i d .  The change th a t  ta k e s  p lace  by changing th e  h o s t w i l l  have to  
be In v e s tig a te d  a l s o .
The acetone p r e c ip i ta t io n  o f serum removed th e  in h ib i to ry  t i t e r  
t o  l e s s  th a n  1*5 f o r  a l l  human and anim al s e ra  t e s te d .  B en ton ite  was 
a b s o lu te ly  o f  no v a lu e  i n  removing in h ib i to r s ;  in  f a c t ,  th e  in h ib i t ­
o ry  t i t e r  was in c re a se d  in  se v e ra l human se ra  te s te d  a g a in s t v'2E v i r u s .  
The in h ib i to r  may be a  l i p i d  o r  l ip o p ro te in  because i t  can be removed 
by so lv e n ts  such a s  acetone* The f a c t  th a t  f i l t r a t i o n  through a S e itz  
f i l t e r  p a r t i a l l y  rénoves th e  in h ib i to r y  t i t e r  would ten d  to  in d ic a te  
t h a t  o th e r  ccmiponents o f  th e  serum a re  invo lved  (30) .
The h o raag g lu tin a tio n -in h ib itio n  t e s t  f o r  VjES and SLE v iru s e s  i s  
s p e c i f ic  i n  an a re a  l ik e  Montana, North D akota, and Idaho because 
th e r e  i s  no s e ro lo g ic a l  c ro ss in g  between th e s e  two v iru s e s .  In  an a re a
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ïrtiere o th e r  members o f Group A such a s  HSE, Venezuelan e n c e p h a li t is ,  
and S ln d b is  v iru s e s  were p re se n t, th e  h em ag g lu tin a tio n -in h ib itio n  
t e s t  would be l e s s  v a lu ab le  because o f th e  s e ro lo g ic a l  c ro ss in g s  
among th e s e  v iru s e s  (3 0 ) . There a re  a lso  s e ro lo g ic a l  c ro ss in g s  among 
dengue ty p e s  1 and 2 , U h e u s , Jap  B, SIE, Uganda 5# West K ile , and 
yellow  fe v e r  v i r u s e s .
The rap id  r i s e  o f an tibody  t i t e r  f o r  WEE v iru s  in  th e  hemag- 
g lu t  in a t io n - in h ib i t  io n  t e a t  in d ic a te s  th a t  i t  i s  a  b e t t e r  d ia g n o s tic  
to o l  th a n  complement f ix a t io n .  S ince i t  I s  economical and f a s t ,  i t  
i s  a ls o  a b e t t e r  to o l  th a n  n e u t r a l i s a t io n .  In  th e  ep idw alo log ica l 
su rvey , th e  hm nagglu tination  t e s t  d e te c te d  81.5 p e r  cen t o f  th e  
specimens p o s i t iv e  f o r  n e u t r a l iz a t io n  f o r  “WEE v iru s  and 64 p er cen t 
f o r  v i r u s ,  idilch in d ic a te s  th a t  i t  would be a  v a lu ab le  screen ing  
to o l .
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Summary
1 , A s ta b le  hem agglutin in  f o r  l/EE and SLE v iru s e s  was p repared  
Casals* tochn lo  (3 2 ) , The WEE hem agglutin in  had a  narrow pH range
o f  6 ,2  to  6 ,4  and th e  maximum h® nagglutlnin t i t e r  was obtained  a t  pH 
6 ,3  f o r  f iv e  WEE v iru s  s t r a i n s .  The SIE h«aa£glu ,tin in  had a w ider pH 
range o f  6,6  t o  7 .5  and optimum pH of 7 ,0 .
2 , The hœ aagg lu tin in  f o r  T.EE v iru s  was l o s t  a f t e r  4 to  6 mouse 
passages whereas th e  h an ag g lu tin in  o f SUS v iru s  was s t i l l  p resen t a f t e r  
43 mouse p assag es,
3 ,  The hem agglu tin in  was re s to re d  in  two s t r a in s  o f  WEE v iru s  
a f t e r  one passage in  ch ick s end m osquitoes.
4 , E l ^ t  u n i t s  o f  hem agglu tin in  in  0.5 ml were found to  be s ta b le  
f o r  tw en ty -fo u r hou rs a t  4 °  C, b u t h ig h e r d i lu t io n s  were n o t,
5 , Acetone removed th e  in h ib i to r s  o f normal human and anim al se ra  
t o  a t i t e r  l e s s  th a n  1 :5 ;  whereas B en ton ite  was o f no v a lu e ,
6,  The n o n sp e c if ic  a g g lu tin a tio n s  and f a l s e  p o s it iv e  in h ib i t io n s  
were preven ted  by th r e e  acetone  e x tra c t io n s ,
7 , O vernight co n ta c t between th e  an tig en  and serum in c reased  th e  
t i t e r  o f  HI a n tib o d ie s  from 2 -  to  64^fold  f o r  th e  l.iïE v iru s  and Ô- to  
3 2 -fo ld  f o r  th e  SIE v i r u s .
8, The p a ire d  acu te  and convalescen t specimens f o r  12 p ^ itien ts  
w ith  a d ia g n o sis  o f  VEE and 3 p a t ie n ts  w ith  a d ia g n o sis  o f SIE 
dem onstrated  a  r i s e  in  an tibody  t i t e r  in  th e  HI t e s t ,
9,  HI and n e u tra l iz in g  a n tib o d ie s  appear s o o n r  th a n  CP a n tib o d ie s , 
10 . The n e u tra l iz in g  a n tib o d ie s  rem ain lo n g e r than  HI a n tib o d ie s ,
and th e  HI a n tib o d ie s  remain lo n g e r th an  com plem ent-fixation  a n tib o d ie s .
-5 4 -
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Adjusting diluents for chick eiythrocytes.
Stock
Solution
on mixing with an equal volume of antigen-serum diluent at ĵ î 9*0
5.9 6.0 6,1 6.2 6.3 6,4 6.5 6.6 6,7 6.8 6.9 7.0 7.1 7.2 7.3 7.4 7.5 7,6
Ml of 
1,5 M HaCl 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Ml of
0.5 M NagHPÔ 32 38 46 62 94 115 136 153 180 200 230 260 280 290 300 310 320 330
Ml of 
1,0 M 224 184 174 170 154 142 132 122 104 100 90 80 74 70 60 54 50 44
W L of 
glass* 
d istilled  
HgO to  make 
1 lite r 644 678 680 668 652 6W 632 620 616 600 580 560 546 540 540 536 530 526
f
*These values w ill change every time new Nâ HPÔ  or KaÊ POĵ  stock solutions are made#
